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PRODUCTION AND USE OF 
HUMAN AND PLANT METHYLTRANSFERASES 

BACKGROUND 

Field af the Invention 

5 The present invention relates to the production and use of methyltransferases. More specifically, the 

invention relates to the production, purification and use of recombinant human L-isoaspartyl/D-aspartyl protein 
methy Itransf erase, an isolated polynucleotide coding for a plant L-isoa spartyl protein methyttransf erase and a purified 
plant l-isoaspartyl protein methyltransferase. 
Pac^round of the, Invention 

10 Proteins undergo spontaneous thermodynamicalty driven changes over time that can result in decreased 

functionality (Harding, J.J. (1985) Ad/.Protein Cham. 37:247-334). A common form of such damage is the 
nonenzymatic deamidation, isomerization, and racemiziation of asparaginyi and aspartyl residues (Clarke, et at. (1992) 
"Stability of Protein Pharmaceuticals, Part A: Chemical and Physical Pathways of Protein Degradation" pp1-29, 
Plenum Press, New York). In most cells, proteins containing UsoBspartyi and Daspartyl residues are recognized by 
15 the protein-LisoaspartatefD-aspartate) 0-methyrtransf erase (EX. 2.1.1.77) which catalyzes their methyl esterrfication 
(McFadden, et al. (1982) ProcMtlAcad.Sci. USA 79:2460 2464, Murray, et aL (1984) J.BhLChem. 259:10722- 
10732, and Aswad (1984) JMioLChem. 259:10714-10721). ThB enzymic methylation reaction represents the first 
step of a process that results in the conversion of these altered aspartyl residues to normal L-aspartyl residues 
(McFadden, et al. (1987) PncNatL Acad.Sci.OSA 84:2595*2599, Johnson, et aL (1987) JMOmm 262:5622-5629, 
20 Lowenson, et al. (1991) JMLChem. 266:19396 19406, Lowenson, et at (1992) J.Biol.Chem. 267:5985-5995). 
This reaction prevents the accumulation of proteins containing isomerized and racemized aspartyl residues and may 
be an important component in limiting the detrimental effects of the aging process. In bacteria, it has been shown 
that the enzyme is crucial to stationary phase and heat-shock survival since delation mutations decrease survival by 
up to 100-fold (U, et aL (1992) Proc.NatUcad.Sci. USA 89:9885-9889) 
25 LisoaspartylJD-aspartyl methyltransferases have been extensively studied in mammalian tissues. Two similar 

activities have been isolated from bovine brain (Aswad, et al. (1983) J. Neurochem. 40:1718-1728) and human 
erythrocytes (Glbert, Bt al. (198B) Biochemistry 27:5227-5233, Ota, et aL (1988) Biochem. Biophys. Res. Commun. 
151:1136-1143). These isozymes are monomeric polypeptides of about 25,000 Da and have similar catalytic 
properties, but differ by about 1 pH unit in isoelectric point (Ota, et al. (19B8) Biochem. Biophys. Res. Commun. 
30 151:1136-1143). A third activity has been noted, with an isoelectric point between isozymes I and II. but the 
corresponding isozyme has not been isolated or characterized (Ingrosso, et al. t1091M<fr. Exper. Med. Biol. 307:263- 



276V-The-complete-amino- acid- sequences- o^isozyme-Ufrorr^ 

264:15905-15911) and human erythrocytes (Ingrosso, et al. (1989) J. Biol. Chem. 264:20131-21039) as well as 
most of that of isozyme II from human erythrocytes (Ingrosso, et al. (1991) Biochem. Biophys. Res. Commun. 
35 175:351-358) have been determined. The sequence of the human isozyme I is 96% identical to the bovine enzyme. 
The amino acid sequences of the two human isozymes appear to be identical with the exception of two amino acids 
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at the C-terminus which may account for the difference in isoelectric point (Ingrosso, et al. (1991) Biochem. Biophys. 
Res. Common. 175:351-358). 

Southern blot analysis suggests that both isozymes are products of a single gene (Ingrosso, et al. (1991) 
Biochem. Biophys. Res. Commun. 175:351-358). Nucleotide sequences encoding enzymes similar to isozyme I in rat 
5 brain and mouse testis have recently been determined (Sato, et aL (1989) Biochem. Biophys. Res. Commun. 161:342- 
347, Romanik, et aL (1992) Gene, 118:217-222). 

Two cONA clones corresponding to the mRNAs for two isozymes of the human L-isoaspartyl/D-aspartyl 
protein carboxyl methyitransferase (EC 2.1.1.77) (MacLaren, et aL(1992) Biochem. Biophys. Res. Commun. 185, 277- 
283) have been sequenced. The DNA sequence of one of these (pRK1) encodes the amino acid sequence of the C- 
10 terminal half of the human erythrocyte isozyme I. The other cDNA clone (pDM2) includes the complete coding region 
of the more acidic isozyme II. With the exception of potential polymorphic sites at amino acid residues 119 and 205, 
the deduced emino acid sequences differ only at the C-terminus, where the -RWK sequence of isozyme I is replaced 
by a -RDEL sequence in isozyme II. The latter sequence is identical to a mammalian endoplasmic reticulum retention 
signal. The missing portion of the coding region for pRKI is assumed to match that of pOM2. The presence of 
15 alternative splicing suggests the existence of a third isozyme having a -R C-termmus. Finally, evidence has been 
presented for the existence of three genomic polymorphisms in the human gene for this enzyme. Residue 22 can 
be either isoleucine (I) or leucine (U; residue 119 can either be isoleucine or valine (V); and residue 205 can either 
be lysine (K) or argmme (R) (Tsai and Clarke (1994) Biochem. Biophys. Res. Commun. 203:491-497). Thus, each 
isozyme described above cen exist in at least eight forms (fch 19*205' Wll Aot> WlM*** l 22 V 119 R 205 , 
20 L 22 l, 19 K 205 , L 22 l t 19 R 205 , L 22 V, 19 K 205 , L 22 V n9 R 205 ). 

However, in the above studies, the ONAs coding for the human methyitransferase were not efficiently 
expressed due to the lack of suitable recombinant expression systems. Thus, large amounts of homogenous enzyme 
have not been previously isolated. Methyitransferase has been purified from bovine brain where 3.7 mg was obtained 
in 5 steps from 0.58 kg of cerebral cortex (Aswad, et aL (1983} J.Naurvchem. 40:1718-1726.). The human enzyme 
25 has been more difficult to purify, i.e., only about 0.1 mg of protein was obtained in 5 steps from 0.22 liters of blood 
(Gilbert, et al. (1988) Biochemistry 27:5227-5233.). Accordingly, efficient purification systems to produce large 
quantities of isoaspartyl methyltransferases on an industrial scale have heretofore not been available. 

in plants, a protein L-isoaspartyl methyitransferase activity has been identified in both the monocots and 
the dicots as well as the green algae, CMamydomonas reinhardtp (Mudgett, et al. (1993) Biochemistry 32:11100- 
30 11111). Although some enzymatic activity is present in most plant organs, the levels can vary considerably. 

taterestingty-the-highesHm 

Biochemistry 32:11100-11111). Moreover, the in vitro formation ot carboxyl methylateo proteins iOhTsoluble" 
fraction of seeds in the absence of exogenous peptide substrates suggests thet methyl-accepting substrates exist 
for the methyitransferase//? vivo (Trivedi, et al. (1982) Eur. J. Biochem. 128:349-354 and Mudgett, et al. (1993) 
35 Biochemistry 32:1 1 100-1 1111). 
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The level of isoaspartate in proteins has been used as an indication of the level of damage to the proteins. 
Methods for determining the isoaspartyl content of proteins using isoasparty! methyl transferase enzymes are 
disclosed in U.S. Patent No. 5,273,888 to Aswad, the disclosure of which is hereby incorporated by reference. 

BRIEF DESCRIPT ION OF THE FIGURES 
5 FIGURE 1 shows construction of the human L-isoaspartyl/O-aspartyl methyltransferase expression plasmid, 

pDM2x of the present invention. A 107bp Kpnl-Narl fragment is removed from plasmid pOM2 and replaced with a 
synthetic potylmker containing rfoosoma binding and initiator sites. 

FIGURE 2 shows the novel polyfinker fregment used in the present invention. The polyiinker contains 
multiple cloning sites \Kpn\ t Kho\. Xba\. BamW\ t Nhe\ t Nco\) and a strong prokaryotic ribosomal binding site (Shine, 
10 et al. (1974) Proc. Natl. Acad. ScL USA 71:1342-1346). 

FIGURE 3 shows the nucleotide and deduced ammo acid sequence of the human L-isoaspartyl/Daspartyl 
methyttransferase expression plasmid, pDM2x, of the present invention (SEO ID NO:8). 

FIGURE 4 shows the effect of isopropyl 0-O-thiogalactopyranoside (IPTG) concentration on the level of 
human L-boaspartyl/Daspartyl methyttransferase production in E cofl. 
15 FIGURE 5 shows E. cofi growth percent of total soluble protein obtained as human methyltransf erase, and 

yield of human methykransferase in the pDM2x expression system of the present invention as a function of time , 
after IPTG induction. 

FIGURE 6 shows optimization of the protemine sulfate precipitation step according to the present invention. 
FIGURE 7 shows optimization of ammonium sulfate precipitation fractionation of human Usoaspartyl/D- 
20 aspartyl methyltransferase from the protamine sulfate clarified supernatant according to the present invention. 

FIGURE 8 shows the anion exchange column purification step of the human Lisoaspartyl/D-aspartyl 
methyltransferase according to the present invention. 

FIGURE 9 shows the pH dependence for concentrating purified human Usoaspartyl/D-aspartyi 

methyhransfarase according to the present invention. 
25 FIGURE 10 shows electrospray mass spectral analysis of purified recombinant human methyltransferase 

of the present invention. (A) A portion of the spectrum of material purified using dithiothreitol. (B) A portion of the 

spectrum of material purified when 15mM 0-mercaptoethanol was substituted for 0.1 dhiothreitol in buffer A. 
FIGURE 11 shows the ultraviolet ebsorbance spectrum of the purified human Usoaspartyl/O aspartyl 

methyltransferase of the present invention. 
30 FIGURE 12 shows the purification of wheat germ L-isoaspartyl methyltransferase according to the present 

inv^ffimr-(ArOEAE-5?™ 



treatment. (0 Sephacryl S-200 gel filtration. 

FIGURE 13 shows the Polypeptide analysis of the purification of Usoaspartyl methyltransferase from wheat 

germ according to the present invention. 
35 FIGURE 14 shows the ONA sequencing strategy of the wheat germ methyltransferase cONA insert 

employed in the present invention. 
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FIGURE 15 shows an alignment of tha sequenced peptide fragments of l-isoaspartyl mathyltransf erase from 
wheat germ and its predicted amino acid sequence from pMBMl. 

SUMMARY OF THE IHVEMT1PII 

One particular objective of tha present invention is to provide an isolated recombinant human L- 
isoaspartyVD-aspartyl protein methyftransferasa by expression of tha cONA encoding the enzyme. Surprisingly, this 
expression system permits an extremely efficient large-scale production of a pure recombinant enzyme. The structure 
of the recombinant enzyme is different from that of tha purified enzyme from human erythrocytes only at the N- 
terminal alanine residua where the recombinant enzyme is not modified by the post-translational modification of 
acetylation. Thus, this enzyme is suitable for use in human studies without the potential problem of antigenicity. 

Other objectives of the present invention include the identification of cONA encoding wheat L-isoaspartyl 
protein methyrtransfarase, and tha provision of a purified plant L-isoaspartyl protein methyltransferase from wheat. 
High levels of methyftransferasa are found in wheat, especially in seeds. 

Still other objectives of the present invention are to provide a pharmaceutical preparation containing the 
enzyme to treat disorders resulting from protein degradation, and to provide an analytical tool for quality control of 
protein and peptide pharmaceuticals and for diagnosis of disease states associated with protein degradation. Other 
objectives of the present invention wfll become apparent to one having ordinary skill in the art upon reference to the 
ensuing detailed description of the invention. 

Namely, one aspect of the present invention is an isolated recombinant human L-isoaspartyl/D-asparty! 
protein methyltransferase obtained by expression of a polynucleotide having a sequence selected from the group 
consisting of SEQ ID NO:1 (isozyme I) and SEQ ID N0:2 (isozyme II), each including a total of 17 nucleotide 
sequences coding for eight amino acid sequences of isozyme I or II, Le- l22hl9 K 205' , 22 , 119 R 205' , 22 v n9 K 205' 
, 22 V 119 R 205- L 22 ! 119 K 205' L 22*119 R 205' L 22 V 119 K 205* 8nd L 22 V 119 R 205 as described earlier. 

Another aspect of the present invention is an isolated recombinant human L-isoaspartyl/D-aspartyl protein 
methyltransferase having an amino acid sequence selected from the group consisting of SEQ NO:3 (isozyme I) and 
SEQ ID N0:4 (isozyme II), each including eight amino acid sequences as above. 

Another aspect of the present invention is an isolated polynucleotide having the coding sequence of the 
sequence indicated as SEQ ID N0:5, which codes for a plant L-isoaspartyl protein methyltransferase. The 890 base 
pairs of this sequence beginning with the AT6 codon at base numbers 117*199 and ending with the A6C codon prior 
to the TGA codon at positions 807-809 represent the coding sequence of this polynucleotide. 

Another aspect of the present invention is an isolated recombinant plant L-isoaspartyl protein 
metJiyltfansfarase-obtamed^e^ 



Another aspect of the present invention is a purified plant Rsoaspartyl protein methyltransferase froi 
wheat germ having the amino acid sequence indicated as SEQ ID NO: 6 or 7. 

Another aspect of the present invention is a method of recombinant^ producing human L-isoaspartyl/D- 
aspartyl protein methyltransferase, comprising; 
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modifying a plasmid such as plasmid pDM2 (Ganebenk accession » S37495) that contains the full coding 
region of human Lisoespsrtyl/D-aspartyl protein mathyltransferese. using oligonucleotides, to provide multiple cloning 
sites, en efficient rfcosome binding site, and a strong transletional initiator region, said initiator region being designed 
to function in bacterial end/or eukaryotic expression system; 
5 transfectmg the constructed vector into e host that contains an isopropyl 0-Dthiogalactopyranosida (IPTG)- 

inducible T7 polymerese gene; end 

inducing overeipression of the methyhransferase with IPTG, whereby the methyttransferese is produced. 
Also, any system producing T7 polymerese gene cen eipresa tlw methyhransferese. 

This expression method is adventegeously eppiceble to any varients of the methyltrensferese. The enzyme 
10 is preferebly obteined from en overexpressed humen cONA in £ coB such as BL2KDE3) grown in LB Broth. Further 
eHieient end economicel expression is echieved using e richer media, e.g. terrific broth {Sembrook. et al. (1989) 
"Moleculer Cloning: A Laboratory Manual" Cold Spring Harbor Laboratory), which results in a higher final call density 
end a longer exponential growth end methyttransferese production phese. In the present invention, the final result 
cen be e preparation where the humen methyltrensferese mekes up ebeut 10-30% of the totel bacterial soluble 
15 protein. 

Another espect of the present invention is e method of purifying recombinantly produced human I- 
isoespartyl/O-espertyl protein methyltrensferese present in e fysed bacterial extract in which the methyltrensferese 
expression hes been performed, comprising: 

adding e nucleotide precipitant such as protamine sulf ete or polyethyleneimine to the extrect to remove ONA . 
20 present in the extrect subsequent to removing the celuler debris; 

precipitating the methyltrensferese with ammonium sulfate; 

removing the ammonium sulfate by dialysis; and 

purifying the methyftrensferese from the dialysate using enion-exchange chromatography under novel 
conditions. 

25 Bssed on this novel purification, it is possible to obtein ebout 50 mg of enzyme from 4 liters of bscterial 

culture. The success of e single column in purifying this enzyme is attributed to finding conditions where the enzyme 
can be weakly bound to the column end eluted isocreticelty in starting buffer without the eppBcetion of e salt 
gradient. It is found that a DEAE-ceilulose column not fully equilibrated with a phosphate/EOTA buffer gave the bast 
fractionation. 

30 Another espect of the present invention is e method of purifying plant L-isoaspartyl protein 

methyltransferese fronrwhaatrcomprising: 

obtaining a crude cytosol from row wheet germ; 
fractioneting the crude cytosol by OEAE-cellulose chromatography; 
adding ammonium sulfate to the pooled active frections in the presence of e protein comer; 
35 fractioneting the resulting meterial by reverse emmonium sulfate gredient solubilizetion; end 
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purifying the pooled active fractions by gel filtration chromatography, whereby the methyltransferase is 
purified as a monomeric 28,000 Da species. 

Another aspect of the present invention is a method of treatment for a medical conditions associated with 
an increase in Usoaspartyl/D-aspartyl residues of polypeptides in a tissue, comprising administering to the tissue an 
5 amount of methyltransf erase, with or without S-adenosy [methionine, sufficient to convert said L-isoaspartyl/D-aspartyl 
residues to L-aspartyl residues m the tissue. 

According to another aspect of this preferred embodiment, there is provided a method of diagnosis of 
disease states where Usoaspartyl/D-espartyl residues are accumulated, comprising measuring the content of L- 
isoaspartyl/D-aspartyl residues accumulated in a disease associated protein, by using methyltransf erase as a probe. 
10 Another aspect of the invention is a method of determination of degradation of pharmaceutical polypeptides, 

comprising measuring the content of L-isoaspartyl and D aspartyl residues in the polypeptides, by using 
methyltransf erase as a probe. 

Still another embodiment of the invention is a pharmaceutical preparation for treatment of a medical 
condition associated with an increase in Usoaspartyl/D-aspartyl residues of polypeptides in a tissue, comprising 
15 human Usoaspartyi/Daspartyl protein methyltransf erase, preferably with its substrate S-adenosy (methionine, and 
pharmaceutical acceptable carriers. 

Since large amounts of the enzyme can be obtained by the present invention, the commercial utility of this 
enzyme becomes applicable. The methyltransf erase can be used as a sensitive analytical probe of L-isoaspartyl and 
D-aspartyl residues in quality control of protein and peptide pharmaceuticals. The uses in medical diagnostics for 
20 assaying for altered proteins and peptides in biological fluids such as the 0-amyloid product (Roher, A.L, et al. 
(1993) JMLChem. 268:30723083) is possible. Because the endogenous human methyltransf erase is limited to 
the cytosol (Clarke, S. (18B5) Anno Rev Biochem 54:479-508}, damaged proteins in the extracellular environment 
cannot undergo repair catalyzed by this enzyme. Thus, injectable and topical therapeutic preparations using the 
methyltransferase and its substrate S-adenosytmethionina are useful. In particular, the usefulness of this enzyme 
25 in repairing damaged proteins in skin such as collagen and elastin whose degradation may contribute to the aging 
of this tissue is advantageous. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Overexpression of the Human L-lsoaspartyl/DAspartyl Methyltransferase in £ cofi 

The plasmid pBIuescript SKI) (pDM2: Genebank accession 8 S37495) contains the entire coding region (SEQ 
30 ID N0:9) for the more acidic isozyme li of the human Usoaspartyl/D-aspartyl methyltransferase {SEQ ID N0:9) 

(Mactorenr^a!r^92^/0eA*^ 

library derived from HUMAN brain tissue (Stratagene, La Joiia, CXI using a mouse cUNA as a probe. ATarT 
expression vector, a plasmid containing cDNA encoding isozyme I (SEQ ID N0:1) or isozyme II (SEQ ID N0:2) having 
sequences other than pDM2 (SEQ ID N0:9) can be used to produce isozyme I having the sequence indicated as SEQ 
35 ID NQ:3 or isozyme II having the sequence indicated as SEQ ID N0:4 so that each isozyme can be produced in at 
least eight forms (»22 f 1 19 K 205' , 22 I 119 R 205' ^2 V 119 K 205- ! 22 V 119 R 205- L 22'l19 K 205« L 22 , 119 R 205- L 22 V 119 K 205< 
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l 22 v 1 19 R 205> " described 98,,iBr - Alternatively, isozyme III with a -R C-terminus (226 residue long) can be produced 
in the seme manner. Such ptasmids include pBK phage vector (Stretegene) end the pTrc99A expression plasmid 
(Pharmacia. Piseetway, NJ). £ eoB is preferred for eipression of human methyhrensferese because characterization 
of isozyme II purified from human erythrocytes hat shown that it is not post-translstionelly modified (Ingrosso. et 
5 bL (1989) JSioLChem. 264:20131-20139.). Thus, the £ eeS expression system een produce the recombinent 
msthyltrensferase nearly identical to the human enzyme. The pOM2 plesmid already contains a T7 promoter arte 
Hi the proper position end orientation for transcription of the insert cONA but does not contain a rfoosomel binding 
site (MacLaren, at eL (1992) Bbehem. BbphpytJlas.Commun. 185:277-283.). Thus, the pDM2 plasmid is modified 
to give the overeipression vector, pOM2x, by replacing the region between the T7-promoter she end the stert codon 
10 of the enzyme with a synthetic fragment conteining a strong ribosomal binding site (Hine, et aL (1974) 
Pne.NatLAeBd.SeL USA 71:1342-1348.) (Fig. 1). In Fig. 1, the KpnMart fragment from pDM2 is replaced with a 
synthetic linker conteining multiple cloning sites, a eukeryotic initiator site, and a atrong ribosomal binding site (Fig. 
2). The fragment shown in Fig. 2 was generated by polymerase chain reection (TOR) using oligonucleotide primers 
containing the Kpifi end Nai\ restriction sites for proper insartion. The regions 5' from the Kpift restriction site, - 
1 5 including the U-promoter she. were origineHy pert of the pBluescript SK(-) plasmid. The sequences 5' of the Neo\ , 
start are not present in the original methyhransferase cDNA insert. pDM2 is a pBluescript SK(-) (Stretegene) plesmid . 
containing the humen methyhrensferese isozyme II cONA inserted into its &offl sites. Fragment sizes given exclude - 
the KptA end Naii 4 end 2 base-pens overhengs. respectively. This replecement fragment hes been engineered to., 
also possess multiple cloning sites for the insertion the methyhransferase cDNA (Fig. 3) into different expression. 
20 systems end organisms. In Fig. 3. the ftoRI she et the X-end of the sequence shows 7 bsses thet ere pert of the 
pBluescript SKI-) cloning plasmid. The regions 5' from the Kpn\ restriction she. including the T7-promoter she. ere„ 
pert of the pBluescript SKI-) plesmid else. The fragment hes the sequence SEO ID NO:8. The nucleotide end 
translated emino ecid sequence of the pDM2x expression plasmid from the T7-promoter she to the 3' ftoRI Tinker 
on the ted of the human cDNA insert a shown in Fig. 3. The structure of the modified region of pDM2x end the 
25 overall plesmid structure hove been confirmed by DNA sequence enelysis end restriction endonucleese digest analysis, 
respectively. Any synthetic polylmker conteining ribosome binding end initiator sites capable of being inserted into 
a methyhrsnsferese-encoding vector ere within the scope of the present invention. The T7 RNA polymerese-driven 
expression plesmid is then transf acted into £ constrain BL21IDE3) (Studier, et el (1986) J. Mot Biol. 189:1 13-130) 
for expression of the humen UsoaspertyllD-aspertyl methyhransferase. This strain ol bscteria contains e phage T7 
30 RNA polymerase gene in the chromosome under the control of the isopropyl 0-D-thiogalactopyranoside<IPTG)-inducible 
promoter. Other bacteria l hosrstrains-ctintsinm9^rHPTG-inducible-T^polym«ase-gene-are_also_ 
contemplated. For exemple. h is possible to use e dual plasmid system where the T7 polymerase is ncooeTOMntf 
a heet-inducible promoter on plesmid pGPI-2. This plesmid cen be transformed into e variety ol becterial strains. 
Methyltrenafarase Purification 
35 The initial batch purification steps used here to enrich the methyhrensferese fraction in the lysed bacterial 

extract is s modification of the procedure used by Fu, at al. (Fu, et el (1991) JMLChem. 286:14562-14572.). 
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After lysis of the over ex pressing bacteria by sonication, the cellular debris is removed by centrifugation. The nucleic 
acids remaining in the supernatant are removed by addition of a precipitant, protamine sulfate or polyethyleneimine, 
and centrifugation. The Bmount of protamine sulfate required is optimized, and it is found that addition of 0.1 
volumes of a 4% solution of protamine sulfate gives a good purification of methyttransferese in essentially 
5 quantitative yield. The methyltransferase then is concentrated end purified further by precipitation with ammonium 
sulfate. Again, conditions for this step in preliminary experiments are optimized, and it is found that although the 
best purification occurs between 50 to 55% saturation, the best compromise between yield end purification occurs 
at 60% saturation and these conditions are used in the present large-scale purification. The pelleted protein is then 
resuspended in a small volume of buffer A and dialyzed against buffer A to remove the ammonium sulfate. 
10 Then a rapid, one-step column procedure for purifying the methyltransf arose from the dialysate by using 

DEAE-cefiulose anion exchange chromatography is performed. It is found that application of traditional methodologies 
where the enzyme was bound to a column in a noninteracting cationic buffer resulted in incomplete purification. 
However, the use of an interacting anionic buffer under nonequilibrium conditions was found to result in the tsocratic 
etution of homogenous enzyme. If the chromatography is performed where the column is fully equilibrated before 
15 loading, then the methyltransferase is only slightly retarded and elutes close to the void volume along with small 
amounts of contaminating polypeptides (data not shown). 
Identification of Msoaspartyl Methyltransferase in Plant! 

Peptide-dependent L-tsoaspartyl methyltransferase is found in the vegetative cells of the green alga C. 
reinftanfta, demonstrating its presence m et least one species in the Kingdom Protista. In the Kingdom Plantae, 
20 methyltransferase activity is detected in both classes of the angiosperms, the monocots and the dicots. The level 
of activity in different tissues varies considerably. Of the species assayed, the highest specific activity of the 
methyltransferase is found in wheat embryos (germ). In contrast, almost no detectable L-isoaspartyl peptide-specific 
methyttransferese activity is found in the leaves of lettuce or the fruits of tomato. The specific activity of the 
enzyme in wheat germ (14.0 pmol/min/mg) surpasses the levels found in £ coB (1-2.5 pmol/min/mg; Fu, et ai. 1991} 
25 and human erythrocytes (1.9 - 9.4 pmol/min/mg; Ota, at aL, 1988; GBbert, et aL 1988). Thus, wheat germ, a cheap 
and abundant byproduct of wheat flour production, is an excellent source of meterial for enzyme purification." 
Msoaspartyl Methyltransferase in Wheat Seeds and Seedlings 

PeptidB-dependent L-isoaspartyl methyltransferase activity is highest in mature wheat seeds and the activity 
is significantly reduced following imbibition end germinetkm. Northern analysis shows that methyltransferase mRNA 
30 is expressed as a single 1200 nucleotide species only in seeds, and not in whole seedlings, leaves, or roots. The 
Imlrol^hremyme^ary^ependinron^ta^^ 
mRNA is detected in stage IV seeds whose embryos have reached maximal size while no methyltransferase mRNA" 
is detectable at stage II. Northern analysis shows that 10 h treatments of water deficiency, exposure to 50 pM 
l+)-c/ifra/7f-abscisic acid) (ABA), and exposure to salt stress (0.25 M NaCi) dramatically induce the expression of 
35 methyltransferase mRNA in wheet seedlings. In contrast, methyltransferase gene expression is not induced in 
seedlings exposed to low (4°C) or high (37°C) temperature stress. These results indicate that the induction of L- 
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isoaspartyl methyltrensferese mRNA expression end enrymetic ectivity occon not only in seed development end 
germmetion, but cen also be upregulated in seedlings during periods of water deficit and salt stress. In particular, 
when the seedlings ere treated with both ABA and NaCI, methyftrensferesa gene expression is mcreesed 
approximately two-fold over the effect of either egent alone. The additive affect of a combined ABA NaCI treatment 
5 suggests thet the methyttransf erase gene mey be e sett-responsive gene in eddhion to en ABA-responsive gene. The 
hormonal and environmental stress necessary for inducing expression of methyttransferase is preferably an ABA 
concentration of 10-100 fM. « salt concentration of 0.1-1 M, or e dehydration time of 5-24 hours (Although 
dehydration may be lerger for other plants up to 7 days). 
Purification of L-lsoaspartyl Methyhransferase from Wheat Garni 
10 Beceuse of its high methyltrensferese ectivity, the wheet system wes chosen. The present purification 

strategy is based on the partiel puriftcetion of the protein cBrboxyl methyltrensferese reported by Trivedi, et aL 
(Trivedl et aL (1982) Eur. J. Biochem. 12B. 349-354). Methyttransf erase is purified from e cytosoSc fraction of 
raw wheat germ. This materiel is first frectioneted by OEAE celtulose chrometogrephy et pH 7-10. preferably at 9.3 
(Fig. 12A). Active fractions are then saturated to 60-100% . preferably to 80%, with emmonium sulfate in the. 
15 presence of e protein carrier such as CeRte 545, poured into e column, end fractionated by reverse ammonium sulfate - 
gredient solubifeation at room temperature (Fig. 12BJ. Active fractions containing epproximetety 20-50%. preferably- 
26-31% saturated ammonium sulfate, cen be further purified preferably by using Sephecryl S-200 gel filtration 
chromatography, although other gel filtration materiels ere elso contempleted. Surprisingly, the L-isoesportyl. 
methyttransferase elutes in b highly purified stele in e fraction neerly corresponding to the total volume of the, 
20 column. This step is unique in thet the methyltrensferese is not frectioneted on the basis of its size. Bather it is t 
suggested that the methyttransterese associetes with the Sephecryl S-200 resin through hydrophobic interactions- 
due to a solvent off BCt creeled by the relatively high concentration of emmonium sulfate in the fractions (Belew, et 
al. (1978) J. Chromatogr. 147, 205-212). In the absence of emmonium sultata, the methyltranslerese elutes from 
the Sephecryl S-200 column in e position consistent with e monomeric moleculer weight, along with numerous 
25 contaminating polypeptides. Thus, the successful isolation of a highly purified eniyme preperation from the gel 
filtration column is attributed to this unusual absorption phenomenon. 

This polypeptide corresponds to the l-isoaspartyl methyltrensfarase es assessed by rensturing individuel gel 
slices in the presence of Triton X-100 es described by Clerke (Clerke (1981) Biochim. Biophys. Acts 670. 195-202). 
The purity o» this preperation can be es high as 80-100%, estimated Irom densitometry ol the Coomessiesteined 

30 gel (Fig. 13). 

QUIA Sequence of the Gone EncodInF3sonpirTyllD^^ 



35 



^HBIIkW Ml Miw — — W W • ' 

The DNA sequence of the 952-bp cDNA insert in the plesmid pMBMI is determined using the sequencing 
strategy shown in Fig. 14. The DNA sequence of the methyltrensferese cDNA end its deduced emino ecid sequence 
ere indicated es SEO 10 N0s:5 and 6, respectively. The calculated molecular weight of the 230 emino acid 
polypeptide deduced for .the 690-bp open reeding freme is 24.710. In contrast, purified methyltransferese migrated 
as e 28.000 Oa polypeptide es determined by SOS polyecrylamide gel electrophoresis (SOS-PAGE). 
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Comparison of Sequenced Peptide Fragment* of L-isoaspartyl methy I tram f erase from Wheat Germ and Its 
Predicted Amino Acid Sequence from pMBMI 

Interestingly, discrepancies at 12 sites between the predicted amino acid sequence of the wheat cDNA and 
the sequence of the peptide fragments of the wheat germ L-isoespartyl methyltransferasa are found (Fig. 15). In 
5 six of these positions, the experimentally determined amino acid sequence data clearly show the presence of an amino 
acid not encoded by the cDNA. At the other six positions, residues in addition to the encoded residue are identified 
by Edman degradation. These results are consistent with the hexapioid nature of this species of wheat where the 
three diploid genomes (AABBDO) can contain alleles with variant sequences, leading to the production of variant gene 
products (Peumans, et aL, (1982) Plants 154, 562-567 and Wright, et aL (1989) J. MoL Evol. 28, 327-336). Most 

10 of the amino acid changes are located outside of the three highly conserved regions shared among 
methyftransferases. It is interesting to speculate that these amino acid differences can result in enzymes having 
slightly different methyl acceptor specificities, which would give the cell the ability to recognize and potentially repair 
a wider range of damaged proteins. Polymorphisms in the human methyltransf erase gene have also been identified 
{Ingrosso, et aL (1989) J. BhL Chem. 264, 20131-20139 and MacLaren, et aL (1992) Biochem. Bhphys. Res. 

15 Commtm. 185, 277-283). 

Production of Isolated Recombinant Wheat Germ L-isoaspartyl Protein Methyltransferase 

The methyltransferase cONA insert is inserted into well-known prokaryotic expression vectors as described 
for the human enzyme and used to transform competent £ col followed by induction of the T7 polymerase gene 
with IPTG. The expression of the plant enzyme can be done in exactly the same manner as the human enzyme. 

20 The bacterial expression system is designed to express cDNA sequences regardless of their phyiogenetic origin. The 
expressed recombinant protein is purified as described ebove. 
Applications for L-isoaspartyl Methyltransferase 

Methyltransferase catalyzes the S-adenosybnethionine-dependent methylation of atypical L-isoaspartyl and 
D-aspartyl residues in peptides and protBins. This reaction can not only be used es an analytical too! to detect the 

25 presence of these altered residues in aged and stressed proteins, but can also initiate a non-enzymatic pathway that 
can result in the conversion of these residues to normal L-espartyl residues. 

The methyltransferase enzymes of the present invention can be used in connection with the determination 
of L-isoaspartate and D-aspartyl residues in peptides as disclosed in U.S. Patent No. 5,273,886 to Aswad, 
incorporated herein by the previous reference thereto above. Briefly, this method involves breaking the polypeptide 

30 into fragments using a proteolytic enzyme and then quantitatively methylating the isoaspartyl residues in the 

fragmBMs-usmg^methYUttnsfew^ 

is an indication of the amount of isoaspartyl residues in the polypeptide. The amount of isoaspartyl residues irrtrte~ 
polypeptide can be used as an indication of the amount of damage to proteins, such as those used in therapeutic 
applications. 

35 Interestingly, the structure of the recombinant enzyme is different from that of the purified enzyme from 

human erythrocytes at the N-terminal alanine residue, and, as determined by electrospray mass spectroscopy, the 
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recombinant enzyme does not contein covelent posttrenslationel modifications. Thus this enzyme is suitable for use 
in human studies without the potentiel problem of antigenicity. Beceuse the endogenous humsn methyhrensferese 
is limited to the cytosol (Clarke, S. 11985)** Rat Bnchem 64:478-506), damaged proteins in the extracellular 
environment cannot undergo repair catalyzed by this enzyme. Thus, injecteble and topical therapeutic preparations 
5 using the methyltransf erase end Its substrata S-adenosytoiBthionine are useful Since the reeombinent human enzyme 
has no potentiel problem of antigenicity, it may be injected directly into the brain, eye, blood stream and so forth. 
In addition, purified plant enzyme cen be used in skin-cere products es e topicel preparation since h elso recognizes 
damaged isoespsrtyl residues in peptides end proteins. 

By edministering to s tissue en emount ol methyltrensferase, preferably in conjunction with its substrate 
10 S-edenosyknethionine. sufficient to convert said L-isoaspartyl/O-aspartyl residues to L-espartyl residues in the tissue, 
treetment for a medicel condition essocisted with en increase in L-isoaspartyl/D-espsrtyl residues of polypeptides in 
a tissue can be performed. Such medicel conditions include those resulting from crosslinking of metre proteins end 
degradation of flexibility of skin tissues such as cataracts, Alzheimer's disease and the Uke. For this purpose, either 
the human or plant enzymes can be used, end the dosage of the enzyme is such that the concentration of the. 
15 enzyme in the preparation is in the range of 0.440 fM. The enzyme cen be formulated simply in the form of en 
ointment with S-Bdenosyknethionine end a pharmaceuticelly eccepteble carrier. A typical ointment cen contein the,, 
enzyme in an amount of 0.001-10% by weight end S-edenosybnethionme in en emount of 0.00004-0.4% by weight. 

Other medical conditions are formetion of plaque in brain tissues end degredetionof cellulei function in brain . 
tissues, and, for these purposes, humen enzyme is preferably used m en emount such that the concentration of the . 
20 enzyme in the extracellular spsce is in the range of 0.440 fM. For edministration to the brain, the enzyme can., 
be provided es en mjecteble solution typicePy conteining the enzyme in en amount of 0.001-10% by weight and S- . 
adenosylmethionine in an amount of 0.00004-0.4% by weight in e phermeceuticelly accepteble cerrier. Preliminary 
evidence suggests thet L-isoaspartyl end D-espertyl residues cen eccumulete in the amyloid protein of Alzheimer's 
diseese. Since a fraction of ^-amyloid protein is found in the cerebrospinal fluid ICSF), it may also be possible to 
25 treat Alzheimer's disease by injecting the enzyme into the CSF. 

Another medical condition is degradation of flexibility in a vascular system, and, for this purpose, humen 
enzyme is preferebly used in en amount such that the concentration of the enzyme in an erythrocyte, endothelial 
tissue, coronary artery tissue, immune cells, receptors of ell cells or lungs is in the range of 0.440 fM. For the 
vescuiar system, the enzyme cen be provided as an mjecteble intravenous solution typically containing the enzyme 
30 in an emount of 0.001-10% by weight end S-edenosyknethionine in en emount of 0.00004-0.4% by weight in a 
phirwataetfcifr accepted 



Other medical condhions ere infertility related to eggs end/or sperm end formetiimObroSs ui tissues, 
and, for these purposes, humen enzyme is preferebly used in en amount such thet the concentretion of the enzyme 
in egg or sperm cells is in the range of 0.440 fM. For the vascular system, the enzyme een be provided as en 
35 injectable solution typically confining the enzyme in en emount of 0.001-10% by weight end S-edenosylmethionine 
in an amount of 0.00004 0.4% by weight with a pharmeceutically acceptable carrier. 
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Since L-isoaspartyl and D-aspartyl residues are accurately recognized by methyltransferase, it is possible 
to determine the presence of these damaged residues in pharmaceutical polypeptides so that the purity and shelf-life 
of such protein products can be verified. These assays are performed by incubating the pharmaceutical preparation 
with S-adenosyl l^C-methyft methionine in the presence of the purified methyltransferase and determining the 
5 radioactivity transferred to the pharmaceutical. This is done by incubating the reaction products with an alkaline 
solution to release bound methyl esters as radioactive methanol which is then collected in scintillation fluid as 
described (Lowenson, et aL (1991) J. Biol. Cham 266:19396.19406). 

Further, diagnosis of disease stetes in which L-isoaspartyl and D-aspartyl residues accumulate may be 
performed by measuring the content of Usoaspartyl and D-aspartyl residues accumulated in a disease associated 

10 protein, by using methyltransferase as a probe. Since a fraction of ^-amyloid protein is found in the cerebrospinal 
fluid (CSF), it is possible to develop a diagnostic test for Alzheimer's disease by measuring the content of L- 
isoaspartyl and D-aspartyl residues in samples of CSF. It has not hitherto been possible to obtain en accurate 
diagnosis of this disease which incapacitates minions of Americans. The diagnostic test can be accomplished using 
the same assay described above for protein pharmaceutical quality control. 

15 EXPERIMENT 1: NUCLEOTIDE SEQUENCE OF HUMAN MET HYLTRANSFERASE CODING REGION 
cDNA Library Synthesis and Clone Screening 

A cDNA library constructed from the temporal cortex of the brain of a 2-year-old female human was 
purchased from Stratagene (#935205). The cDNA was synthesized from ofigo-dT isolated mRNA, and packaged into 
the fcoRI sites of the lambda ZAP bacteriophege vector (Stratagene). The library was propagated in £. coli BB4 

20 and 22 plates containing 5 x 10 5 plaques each (1.1 x 10 7 plaques total) were screened using a radiolabeled 769 
bp HsbIII fragment from the coding region of a 1580 bp murine methyltransferase cDNA (Romanik, et al. (1992) 
Gene, 118:217-222). The fragment was labelled with la- 32 P]-dCTP to a specific activrty of 10 9 cpm///g with the 
PRIME-IT random priming kit (Stratagene). Standard plaque lift end Southern blot procedures (Sambrook, et aL 
(1989) Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory) produced three positive 

25 signals. The clones for these plaques were isoisted by subsequent screenings. The clones were repackaged into 
plasmids in XLI-Blue cells via in vivo excision according to the ytZAP protocoL Successful excision was denoted by 
ampicfflin resistance. The cells containing the insert-carrying plasmids of interest were grown in LB/Ampicillin 
medium, and their plasmids isolated and purified using Qiagen plasmid isolation columns. 
Nucleotide Sequence Determination and Analysis 

30 The nucleotide sequences of the clones were determined on both strands by the dideoxy chain-terminating 

metood-(S8nger^et^l^^4^o 

anTT7 universal primers, and synthesized 22mer primers. I he sequence data were analyzeTwitTOM^ 

on a Macintosh computer. 

Three clones out of 1.1 x 10 7 plaques gave a positive signal and were isolated. The sequences of two 
35 of the clones (pOM2 (SEQ ID N0:9) and pRK1 (SEQ ID N0:10)) were determined from both strands. The plasmid 
pDM2 is available from Genebank under accession # S37495. In SEQ ID NQs:3, 4 and 9, the encoded initiator 



WO 96/12797 PCTAJS95/13691 

•13- 

methionine is numbered 0 and the next amino ecid, alanine, is numbered one. This is done to match the numbering 
scheme of the final prote'm due to the excision of the initiator methionine. Numbering for both clones begins at these 
positions. Clone pHKI bagins st position 358. Numbers to the left of the divisor represent pDM2. Those to the 
right of the divisor are for pRKI. The nucleotide and encoded emino acid sequences of pDM2 is shown under la) 

5 and continues to lb). |b) represents the 47 base insert found in clone pRKI. 
f ypi=Pi ^T 7- HUMAN METHY1 TRANSFERASE EXPRESSION IN f. CPU 
Construction of expression vector pDM2x 

The pOM2 plasmid wbs modified to give the overexpression vector, pDM2x, by replecing the region between 
the T7-promoter she end the stert codon of the enryme with a synthetic fregment containing a strong ribosomal 

10 binding site, as previously described (Figs. 1-3). 
Bacterial Growth 

£ coB strain DH5<7 (Gibeo-BRL, Gaithersbuig, MD) wes used for cloning and propagation of plasmid 
constructs. Transformation of £ coB was accomplished by the one-step method described by Chung, et at 
lProc.tetlMad.ScL USA 11989) 80:2172-519). For protein expression, £ cob' strain BL21IDE3) (Studier. et al. 
15 JMolMioUm® 189:113-130) was transformed with the pDM2x expression plasmid. B12KDE3) bacteria containing 
the pOM2x plasmid were grown et 37'C in Lurie-Bertreni (LB) broth (Sembrook, et el. "Molecular cloning: a 
laboratory manual' (1989) Cold Spring Herbor Leboretory, Cold Spring Herbor, NY) medium containing 100 mH 
ampicilitn. 

Protein Concentretion Determination 

20 Protein concentrations of crude extrects were determined by the trichloroecetic ecid-Lowry method (Cheng, 

Y.C. (1992) AnaWhchom. 205:22-26) with bovine serum albumin as a standard. Protein concentretions of column 
fractions were determined by meesuring the optical density at 280 nm and equating an absorbence of 1 to a 
concentration of 1.0 mglml for a mixture of proteins (Sembrook. et aL(1989) "Molecular cloning: a laboratory 
manual.- Cold Spring Harbor Labor.tory. Cold Spring Herbor. N.Y.) or 1.12 mgfml for homogenous methyhrensferase 
25 (Mach. at aL Anal.Biochem. (1992) 200:74-80). 
Methyhranaferese Assay 

The concentration of active methyhransferase was determined by meesuring bese-labile methyl ester 
formation on the methyl-.cceptor ovalbumin using a vapor diffusion essay (Gilbert, et al. Bbchomxtry I19B8) 
27:5227-5233). Final concentrations in a 50 fA reaction mixture were 10 //M S-adenosyl-L-l/^A «C]mathion,ne 
30 (53 mCilmmole. 100 cpm/pmol. ICN Biomedicals, Irvine, CA), 40 mglml chicken ovalbumin (fraction V. Sigma. St. 

— Louis, MO), and 0.2 M sodium citrate, pH -EOnncubetionswe^ne-etW^ 

addition of an equel volume (50 /A) of 0.2 N NaOH, 1.0% (wM SOS. This mixture was spotted on a 1 cm x^em- 
piece of thick fitter paper (No. 165-090. Bio-Rad. Richmond, CA) prefolded m en ecc.rdion pleat and placed ,n the 
neck of a 20 ml plastic scintillation vial containing 6 ml of Safety-Solve counting fluor (No. 111177, Research 
35 Products International). The vials were capped and, after 2 hours of incubation at 23'C. the filter paper inserts 
were removed and the vials recapped. Radioactivity was measured over a wide 14 C channel. Once punf.ed to 
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homogeneity, as determined by SOS-PAGE, the specific activity of methyltransferase was measured (10,000 
pmoles/min/mg at 37°C). This value was used to determine methyltransferase mass from enzyme activity 
measurements. 

Methyitransferate Expression 

Ten one liter cultures of £ restrain BL2K0E3) containing expression plasmid pDM2x were grown at 37°C 
in LB broth containing 100 //g/ml ampicilfin with shaking at 250 rpm to an optical density of 0.5 at 600 nm. 
Expression of the enzyme was then induced by adding IPTG to 50 //M. Cell growth was allowed to continue for 
4 more hours until growth reached saturation at an optical density at 600 nm of 1.6. The ceils were harvested by 
centrifugation at 5,000 g for 15 min at 4°C, yielding a 14 gram wet weight pellet. All operations from here until 
the column fractionation were done at 4°C. 

To determine the optimal concentration of IPT6 for expression, log-phase expression cultures were induced 
with e wide concentration range of IPTG and assayed for methyltransferase concentration. Fig. 4 shows that only 
very low amounts (0.03 mM) of IPTG were required to induce expression of the methyltransferase. In Fig. 4, a 1 
liter solution of LB broth at 37°C containing ampiciliin at 100 /^/ml was inoculated with BL2KDE3) £ atf harboring 
the pDM2x methyltransf erase expression plasmid and grown to an optical density of 0.2 at 600 nm. The culture 
was divided into 4 equal volumes (250 ml each) and brought to final concentrations of 0, 0.03 mM f 0.50 mM, 04 
8.00 mM isopropyl^D thiogaiactopyranoside. Vigorous shaking at 37°C was continued and samples were collected 
over 3 hours. Each sample was placed on ice and the cells were pelleted by low speed centrifugation. The pelleted 
cells were resuspended in buffer A, sonicated, and assayed for methyltransferase activity. The concentration of 
soluble protein was determined by the modified Lowry assay. A specific activity of 10,000 pmoles/min/mg was used 
to calculate methyltransferase concentration. Importantly, the methyltransferase was found to comprise up to 20% 
of soluble total protein in fully active form and, as determined by SDS-PAGE, no methyltransferase polypeptide was 
found in the insoluble fraction where inclusion bodies are usually found. 

A more extensive analysis of methyltransferase production using a concentration of IPTG of 50 //M was 
then performed. The data in Fig. 5 show that enzyme production occurred rapidly during log-phase growth, resulting 
in an increasing accumulation of methyltransferase. In Fig. 5, BL2KDE3) ceils containing pDM2x were cultured in 
1 liter of LB broth at 37°C with shaking at 250 rpm. Induction of expressions begins at time zero by the addition 
of IPTG to 50 //M. Soluble protein and methyltransferase were assayed as for the times shown in Fig. 4. Only 
when cell growth began to slow down did the fraction of methyltransferase m the soluble protein fraction level off. 
EXPERIMENT 3: HUMAN METHYLTRANSFERASE PURIFICATION 
MathyitransferasoL£urification_ 



BuffeTXwmi«rtfTr^ 

EOT A, 25 jjIA phenyimethanesuifonyl fluoride (PMSF), 0.1 mM dithiothreitol (OTT), and 10% v/v glycerol. 

The cell pellet (14 g) was suspended in 200 ml of buffer A at 4°C. The bacterial cells were lysed by 
sonication for 2 min on power level 5 at continuous output using a Branson W-350 sonifier with microtip probe. 
The sonication was done in a 500 ml beaker cooled in an ice-water slurry bath to dissipate heat-buildup and in a 
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manner ensuring that thorough mixing took place. These sonication settings were optimized in preliminary 
experiments where samples were lysed at various power levels for various times and assayed for enzyme content 
by methyrtransferase activity. Cell disruption began at power level 3, white activity of the enzyme began to decrease 
at level 7, presumably due to overheating. The lysed cells were centrifuged at 13,000 g for 15 min and the 
5 supernatant saved. 200 ml of buffer A was added to the pelleted debris and this material was again sonicated, 
pelleted, and the supernatant saved. The suparnatants of the two extracts were combined to give a final volume 
of 390 mL 

Nucleic acids were precipitated by slow addition of protamine sulfate (0.1 volumes (39 ml) of a 4% w/v 
protamine sulfate solution (Grade X, Sigma)) at 4°C with mixing to the combined supernatant fraction. After mixing 

10 for 30 min, the solution was centrifuged at 13,000 g for 15 min and the supernatent saved. The methyltransf erase 
was concentrated and further purified by slowly adding sofid ammonium sulfate (Uttrapure, ICN) to 60% saturation 
(167 g) at 4°C, mixing for 30 min, and centrifuging at 13,000 g for 15 min (Scopes, R.K. (1993) "Protein 
purification: principles and practice," Springer-Verlag, New York). To remove the ammonium sulfate for the 
subsequent anion-exchange column purification, the protein pellet was resuspended in 1B ml of buffer A and placed 

15 in a 3500 molecular weight cut-off dialysis membrane (Spectrapor 3, Spectrum) and dialyied three times, every 12 
hours, against one bter changes of buffer A. 

The final purification step used OEAE-ceiiulose chromatography under nonequffibrium conditions at room 
temperature. A 14.7 cm high x 2.5 cm I.D. 0E-52 (Whatman) column was equBibrated at a flow rate of 2 ml/min 
with buffer A as determined by measuring the pH of the eluate. In preparation for sample loading, the column was 

20 washed with buffer A with NaCI added to a final concentration of 1 M at a flow rate of 2 ml/min for 1 h, and 
finally washed with buffer A in the absence of NaCI for 6 hours. 3 ml of the dialyzed ammonium sulfate preparation 
was then loaded onto the column and washed at 2 ml/min with buffer A for 2 hours. Material bound to the column 
at this point was eluted by washing with buffer A with 1 M NaCL 2 minute (4 ml) fractions were collected. 

Edman protein sequencing by Dr. Audree Fowler was done at the UCLA Protein Microsequencing Facility 

25 using a Porton 2909E sequencer. Electrospray mass spectroscopy was performed at UCLA Molecular and Medical 
Sciences Mass Spectroscopy Facility by Drs. Ken Conklin and Kym Faufl using a Parkin-Elmer Sciex API3 instrument. 
UV and visible spectroscopy was done on a Hewlett Packard 8452A diode array spectrometer. 

The initial batch purification steps used here to enrich the methyrtransferase fraction in the lysed bacterial 
extract is a modification of the procedure used by Fu, et ah (Fu, et al. (1991) JMLChem. 266:14562.14572). 

30 After lysis of the overexpressing bacteria by sonication, the cetlular debris was removed by centrifugetion. The 

-nucleicrecids-remaininHn-tfr^ sulfate ' a " d 

centrifugation. The amount of protamine sulfate required was optimized, and it was found that addition of 0.1 
volumes of a 4% solution of protamine sulfate gave a 2.4-fold purification of methyltransferese in essentially 
quantitative yield (Fig. 6, Table 1). In Fig. 6, various volumes of a 4% w/v protamine suKBte in buffer A were 
35 pipetted into 1 .0 ml of centrif ugation-cleared sonicate supernatant and vortexed. Nucleic acids and other debris were 
precipitated at 13.000 g for 15 min. Supernatants were essayed for totel protein and methyltransf erase as 
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described in Fig. 4. The methyrtransf erase then was concentrated and purified further by precipitation with ammonium 
sulfate. Again, conditions for this step in preliminary experiments were optimized. The amount of total protein and 
methyltransferase precipitated at various percentages of ammonium sulfate saturation is shown in Fig. 7. In Fig. 
7, solid ammonium sulfate was added to 1.0 mi samples to give the indicated percent saturation and mixed on a 
5 rocking platform for 30 min at 4°C. Protein was pelleted by 13,000 g for 15 min. Pelleted protein was 
resuspended in an original volume of buffer A and assayed for total protein and methyltransferase as described in 
Fig. 4. It was found that although the best purification occurred between 50 to 55% saturation, the best 
compromise between yield and purification occurred at 60% saturation and these conditions were used in the present 
large-scale purification (Table 1). The pelleted protein was then resuspended in a small volume of buffer A and 

10 dialyzed against buffer A to remove the ammonium sulfate. 

A rapid, one-step column procedure for purifying the methyltransferase from the dialysate by using OEAE- 
cellulose anion exchange chromatography was then developed. It was found that application of traditional 
methodologies where the enzyme was bound to a column in a noninteracting cattonic buffer resulted hi incomplete 
purification. However, the use of an interacting anionic buffer under nonequiBbrium conditions was found to result 

15 in the isocratic elution of homogenous enzyme (Fig. 8). In Fig. B, protein concentration was determined by measuring 
the optical density at 280 nm. Electrophoresis was performed using the Laemmli buffer system (Laemmli, U.K. 
(1970) Nature 227:660-5) using a 12% Duracryl (Millipore) separating gel. Polypeptides were visualized by rapid 
silver staining (Blum, et aL (1987) BeetrophorBsh 8:93*99.). Fractions were analyzed on two mini gets: 1/A 
Sonicate and Load, 10/A of 10*21 on gel #1 and; 15 /A of LMWS/100, 1Q/A fractions 22-25, 27,29,31,33.35, 

20 1/A of fractions 76-80 on gel 12. Under these conditions, the methyltransferase elutes as a narrow spike of enzyme 
centered on fraction 18 and as a broader peak from fractions 21 to 40. The methyltransferase in these two peaks 
appears to be identical Both peaks are characterized by predominant 25 kDa polypeptides in SDS gel analysis (Fig. 
9). In Fig. 9, 1 ml fractions of purified enzyme were dialyzed against 20 mM sodium citrate at the pH values 
indicated and the fractions were concentrated by ultrafiltration using Centricon-10 micro concentrators (Amicon, 

25 Beverly, MA). The first peak shows a low level of contamination (less than 5% for fraction 18) by other 
polypeptides while the second, broader peak shows no other protein contamination. The specific activity of the 
methyltransferase is identical in both peaks, and their weight by mass spectroscopy is also identical (see below). 
It appears that the partial resolution of these peaks is due to the nonequilibrium nature of the chromatography as 
well as the amount of protein loaded. For example, a smaller loading of dialysate results in only a single broad peak 

30 of homogeneous enzyme eluting further from the void volume, and a larger loading results in a narrow peak with a 

hi gher concentration of enzyme (with minor contaminating polypeptides) near fraction 18 (results not shown}. If the 

chromatography irpeiforniedwherethecolum 

slightly retarded and elutes close to the void volume along with small amounts of contaminating polypeptides. 

Table 1 summarizes the purification steps involved in obtaining large amounts of homogenous 

35 methyltransferase. It shows that the largest loss in yield occurs during the ammonium sulfate precipitation step; 
the reason for this is not understood. Overall, 17 mg of enzyme from each 1.7 liters of the original broth culture 
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at a specific activity of 10,000 pmolesjmin/mg, comparable to that found for the purified human erythrocyte enzyme 
(Gilbert, et aL (1988) Biochemistry 275227-5233. Ingrosso, et aL (1989) MhLChem. 264:20131-201391, was 
obtained. In this preparation, the column chromatography step using only one-sixth of the total preparation {Table 
1) was performed. Repeated cycles of DEAE-cellulosa chromatography can thus be used to readily generate additional 
homogenous enzyme. 

It was faund that the purified recombinant enzyme is stable et room temperature for up to 2 months and 
repeated freeze-thew cycles neve no effect on activity. Furthermore, it was found that the methyltransferase cen 
be heated for up to 30 min et 50°C with no loss of activity. 

TABLE 1 



Purification of human recombinant protein-L-iaoaspartate (D-aspartato) O-mothyltrensfere-e 
from £ co// Cells from 101 of a culture in LB broth at an optical density of 1.6 at 600 nm. 



Sample 


Volume 


Total 
Protein 


Total 
Activity 


Specific 
Activity 


Yield 


Purifi- 
cation 




ml 


mg 


pmoUmin 


pmolimin/mg 


% 


-fold 


Sonicate 


400 


3680.0 


4800000 


1304 


100 


1.0 


Cleared 
Supernatant 


390 


1358.0 


3471000 


2556 


72 


2.0 


0.4% Protamine 
Sulfate 


428 


562.4 


3474900 


6178 


72 


4.7 


60% Ammonium 
Sulfate 


IB 


291.6 


1602000 


5494 


33 


4.2 


Dialysate 


18 


146.0 


1062000 


7275 


22 


5.6 


DEAE Pool ■ 
Fractions 16* 
70' 


220 


17.2 


171500 


10000 


21 b 


8.0 



This represents tha loading of 3 ml of dialysate lor 1/6 of the totel preparation) - the protein end methyltransferase 
content wes determined for individual fractions end combined to give the velues reported here. 

Corrected for loading of 3 ml of the 18 ml of dialysate. 
Enzyme Concentration 

Tha availability of a concentrated form of the enzyme 5 miportwrf orsBvera^usermcluding-x-ray- 



structure determination. It was found that successful concentration of the methyltransferase was 
extremely pH dependent. Contrary to typical protein solubility characteristics (Scopes, R.K. (1993) "Protein 
purification: principles and practice,' Springer-Verlag. New York.), concentration of this enzyme occurred 
most readily near its isoelectric point of 5.9 pH units |M. Redinbo, personal communication) (Fig. 8). 
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Characteristics of Purified Recombinant Methyltransferase 

N-terminal sequencing of the purified methyltransferase was performed by automated Edman 
degradation analysis. The experimentally-determined sequence of the first twenty residues was exactly that 
predicted from the cDNA with the removal of the initiator methionine as found in the human enzyme 
5 (ingrosso, et al.(1989) J.BioLChem. 264:20131*20139) (Table 2). It was found no evidence for a blocked 

amino terminus, such as the acetylated alanine residue present in the human enzyme (Ingrosso, et al.(1989} 
J.BioLChem. 264:20131*20139). 

The molecular weight of the purified enzyme was measured at 24,551 ±3 Db by eiectrospray 
mass spectroscopy (Fig. 10 (A)). In Fig. 10 (A), a portion of the spectrum of material purified was 

10 described above using dithiothrehol as the reductant in buffer A is shown. No other peaks were discerned 

at other molecular weights. This average value matched exactly the predicted value of 24,551 Da of the 
unmodified product encoded by the cDNA sequence. Preliminary attempts at purification using 
/?-mercaptoethanol instead of dithiothreitoi as the reducing agent produced an enzyme that had 1 or 2 
adducts of /?-mercaptoethanolas indicated by the 2 additional minor forms at higher molecular weights of 

15 24,627 and 24702 Da, respectively (Fig. 10(B)). In Fig. 10 (B), a portion of the spectrum of material 

purified when 15mM 0-mercaptoethanol was substituted for 0.1 mM ditiathreitol in buffer A. The peak at 
a mass of 24,627 represents an adduct with 1 0-mercaptoethanol molecule and the smaller peak at 24,704 
represents the adduct with 2 /?-mercaptoethanol molecules. 

The structure of the protein product by on-line liquid chromatography eiectrospray mass spectral 

20 analysis of tryptic and cyanogen bromide fragments were also directly confirmed. With the exception of 

an insoluble hydrophobic core corresponding to residues 37 to 143, the mass of ail detected species 
corresponded to predicted fragments. 

For direct spectrophotometry concentration determination of homogenous methyltransferase, the 
extinction coefficient of the enzyme from amino acid composition to correspond to 1.12 mg/ml for 1 

25 A 280nm < Mach ' Bt aU1992) AnaLBiochem. 200:74-80) was calculated. This value was verified by the 
trichloroacetic acid-Lowry method using bovine serum albumin as a standard (Chang, (1992) AnaLBiochem. 
205:22-26). The UV spectrum of the homogenous methyltransferase in fraction 29 from the DEAE column 
(Fig. 8) is shown in Fig. 11. 
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TABLE 2 

Nterminal Edman sequencing analysis of purified human 
recombinant protainLisoospartate (Daapartata) 
Omethyitransf erase from £ coIL 150 pmoles of mathyttrfcnsf erase 
In 10 //I of 10mM neutral ammonium bicarbonate were loaded. 



10 



N-terminal sequence encoded by cDNA - MAWKSGGASHSELIHNLRKWG 

fXPFRlMENT 4: IDENTIFICATION OF METHYLT RANSFERASE IN PLANTS 
Biological Materials 

Fresh carrots, yellow corn. Remains lettuce, green peas, white potatoes, spinach, cherry tomatoes, 
end alfalfa were purchased at a local distributor. Alfalfa seeds and raw wheat germ were from Rainbow 
Acres, Inc. (Los Angeles, CA), while soybean seeds were from Arrowhead Mills, Inc. (Hereford, TX). Winter 
wheat [Tritkium sestivum cuhtvar Augusta) seeds were provided by Or. Robert Forsberg of the University 
of Wisconsin (Madison, Wl). Denver Half Long carrot seeds. Golden Jubilee corn seeds. Romeine lettuce 
seeds, sugar snap pea seeds, New Zealand spinach seeds, and Bonny Best tomato seeds were from the 
Chas. H. Lilly Co. (Portland, OR). A cytosolic fraction of Ch/amydomonas n'mhardtS (Wt strain 2137) was 
provided by Drs. Gregg Howe and Sabeeha Merchent of the University of California at Los Angeles (Howe 
& Merchant, 1992). 
Preparation of Plant Cytosol 
Trudacyfblfl 



Cycle 


Residue 
Identified 


pmol 


Cycle 


Residue 
Identified 


pmol 


1 


Ale 


68 


11 


Glu 


7 


2 


Trp 


25 


12 


Leu 


10 


3 


Lys 


12 


13 


He 


6 


4 


Ser 


8 


14 


His 


8 


5 


Gly 


19 


15 


Asn 


6 


6 


Gly 


23 


16 


Leu 


9 


7 


Ala 


20 


17 


Arg 


9 


8 


Ser 


6 


18 


Lys 


4 


9 


His 


12 


19 


Asn 


6 


10 


Ser 


6 


20 


Gly 


13 ■ | 



In e chilled mortar, liquid nitrogen wes poured over plant tissue (typically, 20TbTf resTtissue-orS-g-of-- 
15 seeds) until the tissue was completely frozen. To remove undesirable polyphenol oxidases potentially 
released from the tissue upon homogenization, 3 g of hydrated PVPP (poryvhylpolypyrrolidone) (Loomis, et 
al.(1966) Phytochemistry 5, 423-438) wes thoroughly mixed with the frozen tissue before the tissue was 
ground with a pestle. Extraction buffer (20 mL of 100 mM HEPES, pH 7.5, 10 mM 2-mercaptoethanol. 
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t jm leupeptin, 1 mM PMSF, 10 mM sodium hydrosulfite, and 10 mM sodium metabisulfite at 4°C) was 
added to the mortar, and the slurry was ground further. The resulting crude homogenate was pressed 
through four layers of cheesecloth and then centrifuged at 2200 g for 30 mm at 4°C to remove the 
insoluble PVPP and undisrupted plant material. The resulting supernatant was centrifuged further at 
5 172200xg for 50 min at 4°C and then filtered through two layers of Miracloth (Calbiochem, San Diego, 
CA) to remove the floating lipid layer. This fraction, identified as crude cytosol r was stored at *80°C and 
utilized as the source of methyltransferase. 
Methylation Assay 

Methyltransferase activity was identified using a vapor-phase diffusion assay that quantrtates the 

10 number of radiolabeled methyl groups transferred for S-adenosyll-|/7wtf/£ 14 C) methionine to a peptide 
substrata by quantrtating the release of ( 14 CJ methanol resulting from the hydrolysis of base-labile methyl 
esters. In a total reaction volume of 40 fjl, 12 fjl of enzyme preparation was incubated with 10 fjM S- 
adenosyM<[m?M//- 14 C)methionme (ICN Biomedicals, 50 mCi/mmol), 500 //M peptide substrate, and 0.33 
M HEPES, pH 7.5. Peptide substrates (VYP-(UsoAsp)-HA (SEQ ID N0:15), KASA-(LisoAsp)LAKY (SEQ ID 

15 NO: 16), AA-(L-isoAsp)-F-NH 2 (SEQ ID W0: 17), VYG-fD-Aspl-PA (SEQ 10 N0:18), and KASA-(D-Asp)-LAKY (SEQ 

ID NO: 19)1 were synthesized by Dr. Janis Young at the UCLA Peptide Synthesis Facility and characterized 
as described previously (Lowenson, et aUIBdlblJJioLChem. 266, 19396-19406, (1992) J.BMCtom. 267, 
5985-5995). Alternatively, during the purification of the wheat germ methyltransferase (see below), 
samples were assayed in buffer containing a final concentration of 0.2 M sodium citrate, pH 6.0. In either 

20 case, incubations were performed at 25°C for 60 min. Each reaction was then quenched with 40 fjl of 
0.2 M NaOH and 1% (w/v) SDS and vortexed, and a 60-/A aliquot was spotted onto a 1.5 x 8 cm pleated 
filter paper (Bio-Rad no. 165-090) and placed in the neck of a 20-mL scintillation vial containing 5 ml of 
Bio-Safe II (RPI. Mount Prospect, IL) counting floor. The vials were capped, end [ 14 C]methanol was 
allowed to diffuse from the paper through the vapor phase to the fluor, while the nonvolatile 14 C 

25 radioactivity remained on the paper. After 2 h at room temperature, the paper was removed from the 
necks of the vials and the vials were counted. 
Protein Determination 

A modification of the Lowry procedure (Bailey (1967) Techniques in Protein Chemistry,Elsevier 
Publishing Co.,New York) was used to determine the concentration of protein after precipitation with 1 mL 
30 of 10% (wfv) trichloroacetic acid. 

IdentificathifroH^soespartyl-M^ 



Representatives from both classes of angiosperms as wbII as a green alga were surveyeo foTth~e~ 
presence of L-isoaspartyl methyltransferase. Crude cytosol was isolated from different types of plant 
material and then assayed for methyltransferase activity using the L-isoaspartykontaining peptide, VYP- 
35 (isoAsp)-MA (SEQ ID N0:15), which has been shown to be an excellent peptide substrate for the human 

enthryocyte methyltransferase (K m -0.29 fjU; Lowenson & Clarke, 1991). Endogenous cytosolic 
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oligopeptides are also potential methyl acceptors; therefore, parallel experiments were conducted in the 
presence and absence of the peptide substrate (Table 3). Peptide dependent L-isoaspartyl methyttransferase 
was found in the vegetative cells of the green alga C. remfianfta, demonstrating its presence in at least 
one species in the Kingdom Protista. In the Kingdom Plantae, methyltransferase activity was detected in 

5 both classes of the angiosperms, the monocots and the dicots. The level of activity in different tissues 
varied considerably. Of the species assayed, the highest specific activity of the methyltransferase was 
found in wheat embryos. In contrast, almost no detectable L-isoaspartyl paptidespecific methyttransferase 
activity was found in the leaves of lettuce or the fruits of tomato. Significantly, high levels of 
methyltransferase activity were found in the seeds of all plants assayed, including corn, alfalfa, lettuce, 

10 pea, spinach, and tomato, as well as in the roots of carrots and potatoes. The specific activity of the 
enzyme in plant seeds (0.66 • 14.0 pmol/minlmg) is compsrablB to the levels found m £ coS 0-2.5 
pmol/min/mg; Fu, et aL, 19911 and human erythrocytes (1.9 • 9.4 pmol/min/mg; Ota, et b1.. 1988; Gilbert, 
et al. 1988). 
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TABLE 3 

OCCURRENCE OF LISOASPARTYL METHYLTRANSFERASE 
ACTIVITY IN THE SOLUBLE FRACTION OF PLANTS 



methyltransferase activity* 
(pmol/min/mg of protein) 



Species 


Plant Material 


Endogenous 
Substrates 


L-itoAsp peptide 


Green alga 








£ reinhardta 


•• 

vegetative ceils 


0.15*0.00 


0.43*0.01 


Monocots 








corn 


fresh kernels 


0.30±0.04 


1.46*0.11 




dry kernels 


0.71 ±0.03 


6.86*0.42 


wheat 


embryos (germ) 


0.33±0.05 


14.0*0.14 




kernels 


Q.39±0.01 


4.36*0.09 


Dicots 








alfalfa 


seedlings 


0.35±0.01 


0.47*0.02 




seeds 


0.34i0.03 


3.42*0.25 


carrots 


roots 


0.96±D.07 


164*0.28 




seeds 


0.44±0.03 


1.37*0.04 


lettuce 


leaves 


0.27±0.00 


0.29*0.01 




seeds 


0.14±0.01 


0.66*0.01 


pea 


fresh seeds 


0.24*0.04 


1.31*0.05 




dry seeds 


0.12*0.00 


1.79*0.10 


potato 


roots 


0.19*0.01 


1.04*0.00 


soybean 


seeds 


0.12*0.00 


0.69*0.03 


spinach 


leaves 


0.22*0.01 


1.10*0.03 




seeds 


2.16*0.12 


2.60*0.05 


tomato 


fruit 


2.90*0.16 


3.03*0.17 




seeds 


1.17*0.02 


8.07*0.15 



Methylation assays were performed in triplicate. 



EXPERIMENT 5: PURIFICATION OF METHYLTRANSFAREASE FROM WHEAT GERM 
Preparation of Wheat Germ Cytosol for Enzyme Purification 

Raw wheat germ (150 g) was suspended in 750 mL of buffer (20 mM sodium borate (pH 9.31 
5 mM EDTA, 2.4 mM 2-mercaptoethanol, and 25 mM NaCi! and stirred for 30 min at 4°C. The slurry was 
5 then squeezed through four layers of cheesecloth, and the resulting crude homogenate (585 mU was 

cem^gedar7000xg-for60-mirar4 0 (Ho-remove^ m U- 

was poured through two layers of Miracloth to filter the floating lipid layer. 
Purification of L lsoaspartyl Methyltransferase from Wheat Germ 

The present purification strategy was based on the partial purification of the protein carboxyl 
10 methyltransferase reported by Trivedi. et at (Trivedi, et al.(1982) EurJ.Biochem. 128, 349-354). Referring 

to Fig. 12, crude wheat germ cytosol (515 mL, 30 mg of protein/mL) was loaded onto a DE-52 (Whatman) 
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coiumn {9 cm diameter x 13 cm resin height, 827 mL) which was previously equilibrated at 4°C with buffer 
(20 mM sodium borate (pH 9.3), 5 mM EOTA, 2.4 mM 2-mercaptoethanol, and 25 mM Nad). Two-minute 
fractions were collected at en average flow rate of 8*10 mUmin. The loaded column was washed 
uocratically with 1 I of buffer followed by a 6-L gradient of 25-200 mM Nad In the above buffer. The 

S protein profile and the NaCI gradient were monitored by measuring absorbance at 280 run and conductivity, 

respectively, in the corresponding fractions. Every fifth fraction was assayed for L-isoaspertyl 
methyftransf erase using VYP-(L-isoAsp)-HA (SEQ ID N0:15) as the peptide substrate. One peak of 
methyitransferase activity was pooled (fractions 80-110,600 mL, see brackets) and further purified by 
reverse ammonium sulfate gradient solubilization as described by King (Biochemistry 11, 367-371, 1972). 

10 The pH of the DE-52 pooled material was adjusted to 8.38 with 20 mL of 1 M Tris-HCl, pH 7.97. 15.62 
g of Cefite 545 (Baker Analyzed Reagent, 11 g of CelrteM g of protein) was then added with stirring to 
80% saturation (56.1 g of ammonium sulfate/100 mL initial volume) in a 30-min period at room 
temperature, and then stirring was continued for an additional 45 min. This Cefite mixture containing 
precipitated cytosolic proteins wes poured into a 3 cm diameter x 19 cm column and packed with the aid 

15 of a peristolic pump at room temperature. The column was washed isocratically with 150 mL~ 
(approximately two column vol) of 80% saturated ammonium sulfate solution containing 0.05 M Tris-HCl 
(pH 7.97) and eluted with a 550-mL linear gradient decreasing from 80 to 0% saturation in ammonium 
sulfate. The flow rate of the gradient was approximately 0.6 mUmin, and 7.5-min fractions were collected. 
The percent of ammonium sulfate and protein m the corresponding fractions was determined by 

20 conductance and absorbance at 280 nm, respectively. Every second fraction was assayed for L-isoBspartyl 

methyitransferase using VYP-IL-isoAspl-HA (SEQ ID N0:15) as the peptide substrate. Fractions (65-74), 
containing the highest specific activity of the methyitransferase, were pooled (95 mL, see brackets) and 
subsequently purified on a Sephacryl. S-200 (Sigma) gel filtration column (2 cm diameter x 77.5 cm resin 
high, 243 mL). Buffer containing 20 mM Tris-acetate (pH 7.0), 0.2 mM EDTA, 15 mM 2-mercBptoethanol, 

25 and 10 mM NaCI was used to equilibrate and run the column at 4°C. The flow rate of the column was 

maintained at 0.12 mL/min and 30-min fractions were collected. Every second fraction was assayed for 
L-isoaspartyl methyitransferase using VYP-IL-isoAspl-HA as the peptide substrate. Absorbence at 280 nm 
was measured to determine the protein concentration of these fractions. Purified wheat germ L-isoaspartyl 
methyitransferase consistently eluted in one or two fractions, roughly corresponding to a fraction volume 

30 of 134-139 mL (see arrow Fig. 120. 

Surprisingly, the L-isoaspartyl hmTffranffirW^ 



nearly corresponding to the total volume of the column. This success in obtaining e highly purified enzyme 
preparation from the Sephacryl S-200 gel filtration column was attributed to this unusual absorption 
phenomenon. 

35 The overall purification of the L-isoaspartyl methyitransferase from wheat germ is summarized in 

Table 4, and the typical polypeptide composition corresponding to each step in the purification is shown 
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m Fig. 13. Referring to Fig. 13, active fractions containing methyltransf erase from each purification step 
were analyzed by SOS-PAGE using the buffer system described by Laemmli (Laemmli (1970) Mature 227, 
600-685). Protein fractions were mixed in a ratio of 2:1 (v/v) with sample buffer (180 mM Tris-HCI (pH 
6.6), 6.0% (w/v) SOS, 2.1 M 2.mercaptoeth8nol, 35.5% (v/v) glycerol, and 0.004% (w/v) bromophenol blue] 
5 and boOed for 3 min. These fractions were electrophoresed in a 12.5% (w/v) acrylamide/0.43% (w/v) N,N* 
methytenebisacrylamide separating geL Gels were stained in Coomassia brilliant blue. The molecular mBss 
standards (Bio-Rad) included phosphorylase b (97 kDa), bovine serum albumin (66 kOa), ovalbumin (45 kDa), 
carbonic anhydrase (31 kDa), soybean trypsin inhbttor (21.5 kDa), and lysozyme (14 kDa). The samples 
analyzed were crude wheat germ homogenate (lane A), filtered crude cytosol (lane B), fractions 80-100 
from the DEAE-ceflulose column (lane C), reactions 65-74 from the reverse ammonium sulfate gradient 
sohMization step (lane 0), and fraction 39 from the Sephacryl S-200 column (lane E). The position of the 
methyltransf erase polypeptide (MT) is indicated at the right with an arrow (Fig. 13). 

TABLE 4 
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PURIFICATION OF L-ISOASPARTYL 
METHYLTRANSFERASE FROM WHEAT GERM CYTOSOL 



sample 


volume 
(mL) 


total 
protein 
(mg) 


total m 
activity" 
(pmol/min) 


% 

recovery 


specific 
activity 
(pmo!/min/mg) 


purification 


crude homogenate 


585 


19012 


69205 


100 


3.64 


1.0 


crude cytosol (7000 

g) 


520 


15600 


57616 


83.3 


3.69 


1.0 


DEAE-ceiiulose 


600 


600 


52020 


75.2 


86.7 


23.8 


reverse ammonium 
sulfate gradient 
solubilization 


45.3 


24.9 


10140 


14.7 


436.4 


119.9 


Sephacryl S-200 


15.0 


1.04 


5025 


7.3 


4B55.1 


1333 



* Measured at pH 6.0 using 500 //M VYP(isoAsp)-HA as a methyl acceptor. 

Mono Q Anion Exchange Chromatography 

Fractions containing L-isoaspartyl methyltransferase from several Sephacryl S-200 gel filtration 

columns-were^ool&a^ndLJhen-jiiaLvzed-tSDectropoj^ cutoff 350 0 Da) in buffer A. Oialyzed 

methyltransferase {0.6 mg of protein) was fractionated on a Mono 0 HR 5/5 anion exchange (Pharmacia) 
5 column (5 mm diameter x 50 mm resin height, 1 mL) previously equilibrated with buffer A. One-minute 

fractions were collected at a flow rate of 0.5 mL/min. The loaded column was washed isocratically with 
buffer A for 15 min followed by a linear gradient of 0 to 100% buffer 8 (20 mM Tris-acetate (pH 7.0). 
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0.2 mM EDTA, 15 mM 2-mercBptoethanol. 10% glycerol, and 1 M sodium acetate) over 60 min. The 
column effluent was monitored at 280 nm. Typicetty methyltreniferase activity was detected in fractions 
4344. Frections contenting, active mBthyltransferase were pooled and used for enzymolopjcel studies. 
The calculated molecular mBSS of the major pofypeptide determined by SDS-poryacrylamide slab 

5 gel electrophoresis was 28,000 Da. It was demonstreted thet this polypeptide corresponds to the L- 
isoaspartyl methyltransferese by renaturing individual gel sfices in the presence of Triton X-100 as described 
by Clarke (Clarke (1981) Biochim.Biophys.Acta B70. 195-202). The purity of this preparation was 
estimated to be 86% from densitometry of the Coomessie-stained geL The remeining minor polypeptide 
contaminants could be removed by en additional chromatography step. Oiafyzed methyltrensferese wes 

10 loaded onto a Mono Q anion exchange column end eluted with e linear gradient of 0-1 M sodium acetate. 
Active methyltrensferese eluted Bt epproxmately 0.5 M sodium ecetate. 
Characterization of L lsoespertyl Mathyltranafaraao from Wheat Germ 

Methyftransferase purified through the Mono Q stop (1 2.500 pmol/minlmg at pH 7.5 with the VYP- 
(isoAsp)-HA peptide bs the substrata] was used to study the specificity of the wheat germ enzyme. Like 

15 the £ coS and human erythrocyte methyltransfarBses, the wheat germ enzyma efficiently mesylates L- 
isoaspartyl residues in synthetic peptides. 

MPPHIMFNT 6: AMI N O MID SEQUENCE OF PURIFIED WHEAT GERM MFTHYLTBANSFERASE 
Reverse-Phase HPLC 

Homogeneous methyltransferese suitable for sequence analysis was obtained by reverse-phase 
20 HPLC (high-performance Squid chromatography) of the BnzymB purifwd through the Sephacryl S-200 step. 

Frections were loaded onto a Vydac C4 column (1 cm Ld. I 25 cm, 300-A pora, 5 pm spherical silica 
support) equilibrated with 65% solvent B and eluted with b linear gradient of 65-80% solvent B over 45 
mm at 3.0 ml/mm flow rate, whers solvont A is 0.1% triftoroacstie acid in water (w/v| and solvent B is 
0.1% trifluoroacBtic acid in 99% metheno«0.9% water (wMv). The column effluent was monitored at 280 
nm as 1-min fractions wera collected. Voletite rBagants were ramoved from the fractions in a Savant 
Speedvac apparatus, and than these fractions wera subjected to SOS-PAGE and silver staining (Jones 
(1990) in Current Protocols in Molecular Biology Suppl. 11. John Wdey end Sons. Nbw York). ThB whBBt 
germ methyltransferasB eluted et about 40 min as a single polypeptida band with an apparent molecular 
mass of 28,000 Da. 

Amino Acid Sequence Determination by Tryptic end Staphylococcus eureus VB Protease Mapping 
Hnmngane ous methylttansfarasB suitable for emino acn) sBquence-enatysis-was-obtained-by 



25 



30 



reverse-phase HPLC analysis as described ebove. This material was digested with trypsin and 
Staphylococcus aureus VB proteasB, and the resulting peptides were recovBrad by ravarsB-phase HPLC using 
a Vydac C-18 column. N-tarminal Edman sBquancmg was thBn pBrformad on these peptides. The partial 
35 peptide sequence data obtainad were used to generate oligonucleotide probes and to confirm the presBnce 

of polymorphisms and/or multiple genes (see EXPERIMENT 7 below). 
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EXPERIMENT 7: cDNA CODING FOR WHEAT METHYLTRANSFERASE 
Synthetic Oligonucleotide Probes 

Oiigonucieotida probes were synthesized using 0-cyanoethyl N,N-dfisopropylphosphoramidite 
chemistry in a Gene Assembler Plus ONA synthesizer (Pharmacia 1KB Biotechnology). An oligonucleotide 
5 representing the T7 promoter of the pBluescript SK± phagemid, T7 [OMT-TAATACGACTCACTATAGGG] 
(SEQ ID NO: 1 1 ), and three degenerate oligonucleotides, MB1 [TCTGG(G/A)AT(G/A)TG(CfT)TC(G/A)ATNCCCATl 
ISEQ ID N0:12), MB3 containing an £«RI linker [CTCGAATTCTA(C/T)(C/T)T- 
NAA(G/A)CA{G/A)TA{CfT)GGNGTl (SEQ ID NO:13|, and MB4 containing a HindiW linker 
[TCAAAGCTTTT(G/A)TC(T/G/A)ATNACtCrnTGNAG](SEQ ID N0:14), were synthesized for use as probes and 

10 as primers in PGR amplification of a wheat cDNA library (described below). The primers were purified by 
size exclusion chromatography using Bio-Spin 6 columns (Bio-Rad). 
Isolation of ■ cDNA Clone for L-lsoespartyl Methyltransferase From Wheat 

Degenerate ofigonucleotides were synthesized on the basis of the partial amino acid sequence data 
(see above) and then used to amplify a region of the methyltransferase cDNA from a wheat cDNA library 

15 constructed with poly (A)* RNA isolated from 48-h-etioleted wheat seedlings (Hatfield, et al.(1990) 

JAiol.Chem. 265, 15813-15817). An 850-bp PCR product was amplified using a 364-fold degenerate 
ofigonucleotide, MB3, representing the nucleic acid sequence at the 5'-region of the methyltransferase cDNA 
(corresponding to the peptide YLKQYGV) and a primer encoding the T7 promoter of the pBluescript vector. 
The identity of the 850-bp PCR product was verified by Southern hybridization using a 64-fold degenerate 

20 oligonucleotide, MB1, representing the nucleic acid sequence in the middle region of the methyltransferase 
cDNA (corresponding to the peptide GIEH1PE). In order to obtain a PCR product containing the 
methyltransferase cDNA without the pBluescript vector sequence, the 850-bp PCR product was used as 
a template tn a PCR reaction with the MB3 primer and a 288-fold degenerate oligonucleotide, MB4, 
representing the nucleic acid sequence at the 3'*region of the methyltransferase cDNA (corresponding to 

25 the peptide LQVIDK). PCR amplification produced a 600 bp fragment containing only the methyltransferase 
cDNA sequence, as determined by PCR dideoxy chain-termination sequencing. Screening of the wheat cDNA 
library with this 600-bp product resulted in the isolation of one positive plaque which was rescued to a 
pBluescript phagemid in £ coH XL-1 pUC19 to give the pMBMI plasmid, which was then used to transform 
£ col! DH5a cells. 

30 DNA Sequence of the Gene Encoding Usoaspartyi Methyltransferase from Wheat 

TrTTOfflA sequence ot ft T95ybT^NA"mTer^ 
sequencing strategy shown in Fig. 14. Referring to Fig. 14, both strands of the pMBMI clone containing 
the wheat methyltransferase cDNA insert (a 952-bp £coft\ fragment) were sequenced by dideoxy chain- 
termination sequencing. Oligonucleotides were synthesized using the sequence of a PCR product containing 

35 600 bp of the wheat methyltransferase cDNA and then used as primers to sequence the 952-bp fragment 

as shown in the sequencing strategy in this figure. The DNA sequence of the methyltransferase cDNA and 
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its deduced amino acid sequence are indicated as SEQ 10 N0s:5 end 6, respectively. Referring to SEQ ID 
N0s:5 and 8, the sequence of the coding strand of the 944-bp insert of the plasmid pMBMI is shown 
without the terminel ftoRI linkers (GGAATTCC) that were added to the cDNA Bbrery. The 690-bp 
methyftrensf erase cDNA initiates et thB ATG codon at position 118 and terminetes at the TGA codon at 
5 position 808. The ceiculeted moleculer weight of the 230 em'mo acid polypeptide deduced for the 690-bp 
open reading frame is 24,710. In contrast, purified methyltransf erase migreted es a 28,000-Oa polypeptide 
as determined by SOS-PAGE (Fig. 13). 

rvpPWMFHT H: COMPARISON tff SEQUENCED PEPTIOF FRAGMENTS AND PREDICTED SEQUENCE 
Comparison of Sequenced Peptide Fragments of L-lioespartyl methyltransferasB from Wheat Germ 
10 end Its Predicted Amino Acid Sequence from pMBMI 

Interestingly, discrepencies et 12 sites between the predicted emino acid sequence of the wheel 

cDNA end the sequence of the peptide fragments of the wheel germ l-isoaspartyl methyftrensf erase were 
found (Fig. 15). Referring to Fig. 15, following digestion with trypsin {TJ end £ aureus V8 protease (V), 
peptides were recovered by reverse-phase HPLC and sequenced by eutometed Edmen degradation. Peptide 
15 sequences of fregments numbered in the order of elution ere shown by lines in comparison to the deduced 
cDNA sequence. The presence of a spsce indicetes that unambiguous identification of the emino acid 
residue could not be mode in this cycle. Additional residues identified in e particular cycle ere indiceted - 
in perenthesBs ebove. Residues above in brockets denote en emino acid substitution at this position where 
no evidence wes found for the cONA-encoded residue. As e whole, the Bmino acid sequence of purified *- 
20 wheat enzyme is considered to be indicated in SEQ ID N0:7 with the following exceptions. At position-' 
41, A wes found in T8 end V13; N was found in T9. At position 52, 1 was fond in T8. V14, and V17." 
At position 54, only- 1 was found in V17. At position 158, A was found in T6 and VB; V was found fcr 
T7 end V9. In six of these positions, the experimenteBy determined amino acid sequence dete clearly show 
the presence of an emino acid not encoded by the cONA. At the other six positions, residues in addition 
25 to the encoded residue were identified by Edman sequencing. These results ere consistent with the 

hexeploid nature of this species of wheat, where the three diploid genomes (AABBDD) can contain alleles 
with veriant sequences, leading to the production of veriant gene products IPeumens, et al.|1982) Planta 
154. 582-567; Wright, et eL(1989) 4JMM 28, 327-336). Most of the emino acid changes are located 
outside of the three highly conserved regions shared among methyltransferases. It is interesting to 
30 speculate that these emino acid differences cen result in enzymes with slightly different methyl acceptor 

specificities whic h would give the cell the ability to recognize and potentially repair a widar range of 



TamaFoTrofelnsr-Accord 



well 

CKPCpiMFNT 9: SKIN TREATMENT USING MfTHVI TRANSFERASE 
35 Purified methyltransferase (either isolated from plant sources or as s recombinant human enzyme 

produced in bacteria) and S-adenosyl-L-methionine are mixed to final concentrations of 0.01% and 
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0.00004% respectively in a water-based crBam containing glycerin and mineral oil. A skin or hair cream 
is formulated using water, glycerin, cetearyl alcohol, palm oil glyceride, Catearath-20, mineral oil, 
petrolatum, sorbitol, avocado oil, DMSO (or other carrier molecules), steric acid, alantoin, squaiane, 
methylparaben, Sodium Carbomer 941, recombinant human L-isoaspartyl/D-aspartyl methyttransferase (or 

5 plant methyttransferase), propylparaben, S-adenosyk-methionine, Quatemium-15, fragrance, FD&C Yellow 
No.5, and FD&C Red No.4. A skin mist ("Methylmist") is formulated using water, glycerin, cetearyl alcohol 
DMSO (or other carrier molecules), citric acid, recombinant human L-isoaspartyl/D-asparty I methyltransf erase 
(or plant methyltransf erase), S-adenosyk-methionine, Quatarniunv15, and fragrance. A transdermal skin 
patch is formulated using the same ingredients as the above skin mist These preparations can be directly 

10 applied to the skin. After cleaning the skin with soap and water, the methyltransf erase skin cream (a), 

mist (b) and patch (c) are used by the following methods respectively: (a) applying a dab (0.5ml) of a 
viscous formulation to a central spot and spreading over an area of about 100 cm 2 by rubbing with small 
circular motions directly by hand with or without latex gloves and/or with or without applicants such as 
towels and tissues; (b) using a less viscous formulation ( M MethyiMist N ) and spraying on with a spray bottle 

15 or atomizer in which the residue can be wiped into the skin as described above for the skin cream; and 

(c) using the same formulation as •MethylMisf but enclosing in a patch that adheres to skin and delivers 
the substence through micro pores in the patch directly to the skin. 
EXPERIMENT 10: OTHER MEDICAL TREATM ENT USING METHYLTRANSFERASE 

An injectable or topical preparation (pH-7.3) for treatment of the eye (e.g.,for preventing 

20 cataracts). Injectable preparations for the brain (e.g., for preventing plaque formation) or the blood stream 

(e.g., for maintaining flexibility) contains 137 mM NaCI, 2.7 mM KCI, 4.3 mM Nb^PO^^O, 1.4 mM 
KH 2 P0 4 , 25 mM recombinant human Lisoaspartyl/D-aspartyl methyltransferase (saturation) or 1-3 j/M to 
match S-adenosyk-methionine concentrations, 30 //M S-adenosyl-methionine, and 0.22 //M sterile filtered. 
For time-release delivery systems, the injectable preparation can be packaged in carrier liposomes or 

25 . microporous structures. These preparations can be directly injected to the eye, brain or blood stream. 
EXPERIMENT 11: DIAGNOSIS USING METHYLTRANSFERASE 

A sample of cerebrospinal fluid (0.01 ml) diluted in 0.2 M sodium citrate buffer, pH 6.0 is mixed 
with 0.03 ml of a mixture of S-8denosyH ,4 C-methyO-Lmethionine (100 cpm/pmol) and purified 
methyttransferase (from plant sources or human recombinant) in the same buffer. The latter mixture 

30 contains 400 pmol of radiolabeled S-adenosylmethionine and 10 micrograms of purified methyltransferase. 

The mixture is incubatedl^liimir3r o C and then U.U4 ml of a S otm1pn-oM):1Krsodianrdodecyl- 
sulfate, 0.2 M sodium hydroxide is added. This mixture is then applied to a piece of thick filter paper and 
is suspended in a plastic vial containing 7 ml of liquid scintillation cocktail. After 2 hours at room 
temperature, the paper is removed and the vial counted. The radioactivity is proportional to the amount 

35 of damaged L-isoaspartyl and D-aspartyl residues in the cerebrospinal fluid. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION 
(i) APPLICANT: THE REGENTS OF THE UNIVERSITY OF CALIFORNIA 

(ii) TITLE OF THE INVENTION: PRODUCTION AND USE OF HUMAN AND PLANT 

METHYLTRANSFERASES 

(iii) NUMBER OF SEQUENCES: 19 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Knobbe, Martens , Olson and Bear 

(B) STREET: 620 Newport Center Drive 16th Floor 

(C) CITY: Newport Beach 

(D) STATE: CA 

(E) COUNTRY: USA 

(F) ZIP : 92660 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette 

(B) COMPUTER: IBM Compatible 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: FastSEQ Version 1.5 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(viii) ATTORNEY / AGENT INFORMATION: 
(A) NAME: Altman, Daniel E 

in) REGISTRATION NUMBER: 34 , lib 

(?) REFERENCE/DOCKET NUMBER: UCLA010.001A 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 714-760-0404 

(B) TELEFAX: 714-760-9502 

(C) TELEX: 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 681 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



~Tir)~MOl7ECULE— T-Y-PB-^GDNA- 
- (-rdri-)— HY-POT-HE-T-I-CAL-:— NO 



(iv) ANTISENSE: NO 
(V) FRAGMENT TYPE: 
(vi) ORIGINAL SOURCE: 



(Xi) SEQUENCE DESCRIPTION : SEQ ID NO : 1 : 
ATGGCCTGGA AATCCGGCGG CGCCAGCCAC ^^?^f^S3^ CThCW^CCG CTCC^A^^T^ 

SSSSS SSKSS SK5SSK SS3SS SSSmc »™t 
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GCTCCACACA TGCATGCATA TGCGCTAGAA CTTCTATTTG ATCAGTTGCA TGAAGGAGCT 240 

AAAGCTCTTG ATGTAGGATC TGGAAGTGGA ATCCTTACTG CATGTTTTGC ACGTATGGTT 3 00 

GGATGTACTG GAAAAGTCAT AGGAATTGAT CACATTAAAG AGCTAGTAGA TGACTCARTN 3 60 

AATAATGTCA GGAAGGACGA TCCAACACTT CTGTCTTCAG GGAGAGTACA GCTTGTTGTG 420 

GGGGATGGAA GAATGGGATA TGCTGAAGAA GCCCCTTATG ATGCCATTCA TGTGGGAGCT 480 

GCAGCCCCTG TTGTACCCCA GGCGCTAATA GATCAGTTAA AGCCCGGAGG AAGATTGATA 540 

TTGCCTGTTG GTCCTGCAGG CGGAAACCAA ATGTTGGAGC AGTATGACAA GCTACAAGAT 600 

GGCAGCATCA AAATGMRNCC TCTGATGGGG GTGATATACG TGCCTTTAAC AGATAAAGAA 660 

AAGCAGTGGT CCAGGTGGAA G 681 

(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 684 base pairs 
{B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 
(Vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

ATGGCCTGGA AATCCGGCGG CGCCAGCCAC TCGGAGCTAA TCCACAATCT CCGCAAAAAT 60 

GGAATCHTNA AGACAGATAA AGTATTTGAA GTGATGCTGG CTACAGACCG CTCCCACTAT 120 

GCAAAATGTA ACCCATACAT GGATTCTCCA CAATCAATAG GTTTCCAAGC AACAATCAGT 18 0 

GCTCCACACA TGCATGCATA TGCGCTAGAA CTTCTATTTG ATCAGTTGCA TGAAGGAGCT 240 

AAAGCTCTTG ATGTAGGATC TGGAAGTGGA ATCCTTACTG CATGTTTTGC ACGTATGGTT 300 

GGATGTACTG GAAAAGTCAT AGGAATTGAT CACATTAAAG AGCTAGTAGA TGACTCARTN 360 

AATAATGTCA GGAAGGACGA TCCAACACTT CTGTCTTCAG GGAGAGTACA GCTTGTTGTG 420 

GGGGATGGAA GAATGGGATA TGCTGAAGAA GCCCCTTATG ATGCCATTCA TGTGGGAGCT 4 80 

GCAGCCCCTG TTGTACCCCA GGCGCTAATA GATCAGTTAA AGCCCGGAGG AAGATTGATA 540 

TTGCCTGTTG GTCCTGCAGG CGGAAACCAA ATGTTGGAGC AGTATGACAA GCTACAAGAT 600 

GGCAGCATCA AAATGMRNCC TCTGATGGGG GTGATATACG TGCCTTTAAC AGATAAAGAA 660 

AAGCAGTGGT CCAGGGATGA ATTG 684 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 226 amino acids 

(B) TYPE: amino acids 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 

(A) NA ME /KEY : Other 

fB] LO~C£TTON : 22... 22 ~ — 

(D) OTHER INFORMATION: lie or Leu 

(A) NAME /KEY : Other 

(B) LOCATION: 119. . .119 

(D) OTHER INFORMATION: He or Val 



(A) NAME/KEY: Other 

(B) LOCATION: 205. . .205 
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(D) OTHER INFORMATION: Lys or Arg 
(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3 : 



Ala Trp Lys Ser Gly Gly Ala Ser His Ser Glu Leu He His Asn Leu 

Arg Lys Asn Gly lie Xaa Lys Thr Asp Lys Val Phe Glu Val Met Leu 

20 25 30 

Ala Thr Asp Arg Ser His Tyr Ala Lys Cys Asn Pro Tyr Met Asp Ser 

35 40 45 

Pro Gin Ser He Gly Phe Gin Ala Thr He Ser Ala Pro His Met His 

50 * 55 6 0 
Ala Tvr Ala Leu Glu Leu Leu Phe Asp Gin Leu His Glu Gly Ala Lys 

65 70 75 80 



gc 70 ' 3 

Ala Leu Asp Val Gly Ser Gly Ser Gly He Leu Thr Ala Cys Phe Ala 
85 90 « 

Cys Thr Gly Lys Val IU 

105 

Asp Ser Xaa Asn Asn Va! 
H5 & 120 *" 

Leu Leu Ser Ser Gly Arg Val Gin Leu Val Val Gly Asp Gly Arg Met 

135 140 



85 2U « 

Arg Met Val Gly Cys Thr Gly Lys Val He Gly He Asp His He Lys 

100 105 11° 

Glu Leu Val Asp Asp Ser Xaa Asn Asn Val Arg Lys Asp Asp Pro Thr 
!15 120 125 



130 135 J-* w 

Gly Tyr Ala Glu Glu Ala Pro Tyr Asp Ala lie His Val Gly Ala Ala 

Ala Pro Val Val Pro Gin Ala Leu He Asp Gin Leu Lys Pro Gly Gly 

165 170 I 75 

Arg Leu He Leu Pro Val Gly Pro Ala Gly Gly Asn Gin Met Leu Glu 

180 I 85 
Gin Tyr Asp Lys Leu Gin Asp Gly Ser He Lys Met Xaa Pro Leu Met 

195 200 205 

Glv Val He Tyr Val Pro Leu Thr Asp Lys Glu Lys Gin Trp Ser Arg 

1 210 215 220 

Trp Lys 
225 

(2) INFORMATION FOR SEQ ID NO : 4 : 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 227 amino acids 

(B) TYPE: amino acids 

(C) STRANDEDNESS : single 
{ D ) TOPOLOGY : 1 i near 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 

(A) NAME/KEY: Other 

(B) LOCATION: 22... 22 

(D) OTHER INFORMATION: He or Leu 

(.A-) — NAME/KE Y ; Other 



"(B) LOCATION: 119... 119 
(D) OTHER INFORMATION: He or Val 

(A) NAME/KEY: Other 

(B) LOCATION: 205... 205 

(D) OTHER INFORMATION: Lys or Arg 

(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
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Ala 


Tro 


Lys 


Ser 


Gly 


Gly 


Ala 


Ser 


His 


Ser Glu Leu He His Asn Leu 


l 




5 








10 15 


Arg 


Lys 


Asn 


Gly 


He 


Xaa 


Lys 


Thr 


Asp 


Lys Val Phe Glu Val Met Leu 








20 










25 


30 


Ala 


Thr 


Asp 


Arg 


Ser 


His 


Tyr 


Ala 


Lys 


Cys Asn Pro Tyr Met Asp Ser 






35 










40 




45 


Pro 


Gin 


Ser 


He 


Gly 


Phe 


Gin 


Ala 


Thr 


He Ser Ala Pro His Met His 




50 








55 






60 


Ala 


Tyr 


Ala 


Leu 


Glu 


Leu 


Leu 


Phe 


Asp 


Gin Leu His Glu Gly Ala Lys 


65 








70 






75 80 


Ala 


Leu 


Asp 


Val 


Gly 


Ser 


Gly 


Ser 


Gly 


He Leu Thr Ala Cys Phe Ala 








85 










90 * 95 


Arg 


Met 


Val 


Gly 


Cys 


Thr 


Gly 


Lys 


Val 


He Gly He Asp His He Lys 






100 










105 


110 


Glu 


Leu 


Val 


Asp 


Asp 


Ser 


Xaa 


Asn 


Asn 


Val Arg Lys Asp Asp Pro Thr 






115 










120 




125 


Leu 


Leu 


Ser 


Ser 


Gly 


Arg 


Val 


Gin 


Leu 


Val Val Gly Asp Gly Arg Met 




130 










135 






140 


Gly 


Tyr 


Ala 


Glu 


Glu 


Ala 


Pro 


Tyr 


Asp 


Ala He His Val Gly Ala Ala 


145 








150 








155 160 


Ala 


Pro 


Val 


Val 


Pro 


Gin 


Ala 


Leu 


He 


Asp Gin Leu Lys Pro Gly Gly 










165 










170 175 


Arg 


Leu 


He 


Leu 


Pro 


Val 


Gly 


Pro 


Ala 


Gly Gly Asn Gin Met Leu Glu 






180 










185 


190 


Gin 


Tyr 


Asp 


Lys 


Leu 


Gin 


Asp 


Gly 


Ser 


lie Lys Met Xaa Pro Leu Met 




195 










200 




205 


Gly 


Val 


He 


Tyr 


Val 


Pro 


Leu 


Thr 


Asp 


Lys Glu Lys Gin Trp Ser Arg 


210 








215 






220 


Asp 


Glu 


Leu 
















225 





















(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 944 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D ) TOPOLOGY : 1 inear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI SENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CGTCCCGCTT CCTGTTGCCC TCCACGGCCG CCCGCCGCCG GTTCCTCCAC CACCTCCTCG 6 0 

CCGCGCCCGC GCCCCCGAGG CCGCCGCAGC TTCGGCGCTG CTCCCCGTAC CACTGGATGG 12 0 

CGCAATTTTG GGCTGAAGGA TCACTGGAGA AGAACAACGC TCTGGTTGAA TACCTGAAAC 180 

AGTATGGTGT TGTTCGAACC GATAAAGTGG CAGAAGTTAT GGAAACTATC GACCGAGCCT 24 0 

TATTTGTACC GGAGGGCTTT ACCCCTTACA CCGACAGTCC TATGCCTATT GGTTACAATG 3 00 

CAACAATATC TGCTCCTCAC ATGCACGCAA CCTGCTTAGA ACTGTTGAAG GATTATTTAC 3 60 

AG C CAGGCAT GCAT GCTCTG GACGTTGGAT CAGGCAGTGG TTACTTGA CT GCTTGCTTTG 4 2 0_ 

CAATGATGGT CGGACCAG AA GGTCGCGCAG TGGGGATTGA ACACATTCCT GAACTCGTTG 4~8~0 
TTGCTTCTAC TGAAAATGTC G AACG G AG TG~CTG CAG CAG C~ACTAATGAAG~G ATGGTTC Ae — 54 0- 

TTTCTTTTCA TGTTTCAGAT GGAAGGCTTG GCTGGCCGGA TGCGGCGCCA TACGATGCTA 6 00 

TTCATGTGGG CGCAGCGGCA CCTGAGATCC CTCGGCCACT GCTGGAGCAG CTGAAGCCTG 660 

GCGGGCGGAT GGTCATACCC GTTGGCACAT ACTCTCAGGA CCTGCAGGTG ATTGACAAGA 720 

GCGCCGACGG ATCCACCAGC GTCCGCAACG ATGCCTCTGT TCGCTACGTC CCTCTGACCA 7 80 

GCCGCTCTGC TCAGCTGCAG GACAGCTGAG ATCCTTCGCT CTGGATCTGG AAATGTGTGT 84 0 

GTATATATGT GAGTGCCGAT GATCTTTGTC TACCAATGTG GCGTCTGATG TTTTAGATGG 9 00 

TTTGGTTTTG TATAATGCTT ACTGCTGGTT GATGTTGCTT AAAA 944 
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(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 230 amino acids 
{ B) TYPE: amino acids 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Met Ala Gin Phe Trp Ala Glu Gly Ser Leu Glu Lys Asn Asn Ala Leu 

15 10 15 

Val Glu Tyr Leu Lys Gin Tyr Gly Val Val Arg Thr Asp Lys Val Ala 

20 25 30 

Glu Val Met Glu Thr He Asp Arg Ala Leu Phe Val Pro Glu Gly Phe 

35 40 45 

Thr Pro Tyr Thr Asp Ser Pro Met Pro He Gly Tyr Asn Ala Thr He 

50 ' 55 60 

Ser Ala Pro His Met His Ala Thr Cys Leu Glu Leu Leu Lys Asp Tyr 
65 70 75 B0 

Leu Gin Pro Gly Met His Ala Leu Asp Val Gly Ser Gly Ser Gly Tyr 

B5 90 95 

Leu Thr Ala Cys Phe Ala Met Met Val Gly Pro Glu Gly Arg Ala Val 

100 105 HO 

Gly He Glu His He Pro Glu Leu Val Val Ala Ser Thr Glu Asn Val 

115 120 125 

Glu Arg Ser Ala Ala Ala Ala Leu Met Lys Asp Gly Ser Leu Ser Phe 

130 135 140 

His Val Ser Asp Gly Arg Leu Gly Trp Pro Asp Ala Ala Pro Tyr Asp 
145 150 155 160 

Ala He His Val Gly Ala Ala Ala Pro Glu He Pro Arg Pro Leu Leu 

165 170 I 75 

Glu Gin Leu Lys Pro Gly Gly Arg Met Val He Pro Val Gly Thr Tyr 

180 185 190 

Ser Gin Asp Leu Gin Val He Asp Lys Ser Ala Asp Gly Ser Thr Ser 

195 200 205 

Val Arg Asn Asp Ala Ser Val Arg Tyr Val Pro Leu Thr Ser Arg Ser 

210 215 220 

Ala Gin Leu Gin Asp Ser 
225 230 

(2) INFORMATION FOR SEQ ID NO : 7 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 231 amino acids 

(B) TYPE: amino acids 

(C) STRANDEDNESS: single 

'- — {-B) — TOPOLOGY-5 — l-inear 



(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 



(A) NAME /KEY : Other 

(B) LOCATION: IB... 18 
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(D) OTHER INFORMATION: Asp or Glu 

{A) NAME/ KEY : Other 

(B) LOCATION: 41. . .41 

(D) OTHER INFORMATION: Asn or Ala 



(A) NAME/KEY: Other 

(B) LOCATION : 52. . .52 

(D) OTHER INFORMATION: He or Thr 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 



Met 


Ala 


Gin 


Phe 


Tn> 


Ala 


Glu 


Glv 


Ser 


Leu 


Glu 


Lys 


Asn 


Asn 


Ala 


Leu 


1 








5 








10 










15 




Val 


Xaa 


Tyr 


Leu 


Lys 


Gin 


Tyr 


Gly 


val 


Val 


Arg 


Thr 


Asp 


Lys 


Val 


Ala 








20 










25 










30 






Glu 


Val 


Met 


Glu 


Thr 


He 


Asp 


Arg 


Xaa 


Leu 


Phe 


Val 


Pro 


Glu 


Gly 


Phe 






35 










40 










45 








Thr 


Pro 


Tyr 


Xaa 


Asp 


Xaa 


Pro 


Met 


Pro 


He 


Gly Tyr 


Asn 


Ala 


Thr 


He 




50 








55 










60 










Ser 


Ala 


Pro 


His 


Met 


His 


Ala 


Thr 


Cys 


Leu 


Glu 


Leu 


Leu 


Lys 


Asp 


Tyr 


65 










70 








75 










80 


Leu 


Gin 


Pro 


Gly 


Met 


His 


Ala 


Leu 


Asp 


Val 


Gly 


Ser 


Gly 


Ser 


Gly 


Tyr 








85 










90 










95 




Leu 


Thr 


Ala 


Cys 


Phe 


Ala 


Met 


Met 


Val 


Gly 


Pro 


Glu 


Gly 


Arg 


Ala 


Val 








100 










105 










110 






Gly 


He 


Glu 


His 


He 


Pro 


Glu 


Leu 


Val 


Xaa 


Ala 


Ser 


Thr 


Glu 


Asn 


Val 




115 










120 










125 








Glu 


Arg 


Ser 


Ala 


Ala 


Ala 


Ala 


Leu 


Met 


Lys 


Asp Gly 


Ser 


Leu 


Xaa 


Phe 




130 










135 










140 










His 


Val 


Xaa 


Asp 


Gly 


Arg 


Leu 


Gly 


Trp 


Pro 


Asp 


Xaa 


Ala 


Pro 


Tyr 


Asp 


145 






150 










155 










160 


Ala 


He 


His 


Val 


Gly 


Ala 


Ala 


Ala 


Pro 


Glu 


He 


Pro 


Arg 


Pro 


Leu 


Leu 










165 










170 










175 




Glu 


Gin 


Leu 


Lys 


Pro 


Gly 


Gly 


Arg 


Met 


Val 


He 


Pro 


Val 


Gly 


Thr 


Tyr 








180 








185 










190 


Thr 




Ser 


Gin 


Asp 


Leu 


Gin 


Val 


He 


Asp 


Lys 


Ser 


Xaa 


Asp 


Gly 


Ser 


Xaa 






195 










200 










205 








Val 


Xaa 


Asn 


Asp 


Ala 


Xaa 


Val 


Arg 


Tyr 


Val 


Pro 


Leu 


Thr 


Ser 


Arg 


Ser 




210 








215 










220 










Ala 


Gin 


Leu 


Gin 


Asp 


Ser 






















225 










230 


























(2) 


INFORMATION 


FOR 


SEQ 


ID NO: 8 















(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 68 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL! NO . 

(iv) ANT I SENSE : NO ; _____ _ 

(v) FRAGMENT 'TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

CTCGAGTCTA GAGGATCCTT TGTTTAACTT TAAGAAGGAA AGCTAGCCAT GGCCTGGAAA 60 
TCCGGCGG 68 

(2) INFORMATION FOR SEQ ID NO: 9: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1218 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI SENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 

(A) NAME /KEY : Coding Sequence 

(B) LOCATION: 85... 765 
(D) OTHER INFORMATION: 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

GTAATACGAC TCACTATAGG GCGAATTGGG TACCTCGAGT CTAGAGGATC CTTTGTTTAA 60 
CTTTAAGAAG GAAAGCTAGC CATG GCC TGG AAA TCC GGC GGC GCC AGC CAC 111 

Ala Trp Lys Ser Gly Gly Ala Ser His 
1 5 

TCG GAG CTA ATC CAC AAT CTC CGC AAA AAT GGA ATC ATC AAG ACA GAT 159 
Ser Glu Leu lie His Asn Leu Arg Lys Asn Gly lie He Lys Thr Asp 
10 15 20 25 

AAA GTA TTT GAA GTG ATG CTG GCT ACA GAC CGC TCC CAC TAT GCA AAA 2 07 
Lvs Val Phe Glu Val Met Leu Ala Thr Asp Arg Ser His Tyr Ala Lys 
30 35 40 

TGT AAC CCA TAC ATG GAT TCT CCA CAA TCA ATA GGT TTC CAA GCA ACA 255 
Cys Asn Pro Tyr Met Asp Ser Pro Gin Ser He Gly Phe Gin Ala Thr 
45 50 55 

ATC AGT GCT CCA CAC ATG CAT GCA TAT GCG CTA GAA CTT CTA TTT GAT 3 03 
He Ser Ala Pro His Met His Ala Tyr Ala Leu Glu Leu Leu Phe Asp 
60 65 70 

CAG TTG CAT GAA GGA GCT AAA GCT CTT GAT GTA GGA TCT GGA AGT GGA 351 
Gin Leu His Glu Gly Ala Lys Ala Leu Asp Val Gly Ser Gly Ser Gly 
75 " 80 85 

ATC CTT ACT GCA TGT TTT GCA CGT ATG GTT GGA TGT ACT GGA AAA GTC 399 
He Leu Thr Ala Cys Phe Ala Arg Met Val Gly Cys Thr Gly Lys Val 
90 95 100 105 

ATA GGA ATT GAT CAC ATT AAA GAG CTA GTA GAT GAC TCA GTA AAT AAT 44 7 
He Gly He Asp His He Lys Glu Leu Val Asp Asp Ser Val Asn Asn 
HO H5 120 

— GT 6-AGG— AAG-GAC-G AT— CCA- ACA-CTJIL-CTG— TCT TCA GGG AGA CAG CTT 4 95 

-^ a j-A^Ly fl _^A 5 p_P_ro Thr L eu Leu Ser Ser Gly Arg y a I~Gln LeQ 

125 130 r3S 

GTT GTG GGG GAT GGA AGA ATG GGA TAT GCT GAA GAA ^ C CT TAT GAT 
Val val Gly Asp Gly Arg Met Gly Tyr Ala Glu Glu Ala Pro Tyr Asp 
140 145 I 50 

GCC ATT CAT GTG GGA GCT GCA GCC CCT GTT GTA CCC CAG GCG CTA ATA 
Ala He His Val Gly Ala Ala Ala Pro Val Val Pro Gin Ala Leu He 
155 160 165 



543 



591 
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GAT CAG TTA AAG CCC GGA GGA AGA TTG ATA TTG CCT GTT GGT CCT GCA 63 9 
Asp Gin Leu Lys Pro Gly Gly Arg Leu He Leu Pro Val Gly Pro Ala 
170 175 180 185 

GGC GGA AAC CAA ATG TTG GAG CAG TAT GAC AAG CTA CAA GAT GGC AGC 687 
Gly Gly Asn Gin Met Leu Glu Gin Tyr Asp Lys Leu Gin Asp Gly Ser 
190 195 " 200 

ATC AAA ATG AAG CCT CTG ATG GGG GTG ATA TAC GTG CCT TTA ACA GAT 73 5 
He Lys Met Lys Pro Leu Met Gly Val He Tyr Val Pro Leu Thr Asp 
205 210 215 

AAA GAA AAG CAG TGG TCC AGG GAT GAA TTG TAAAAGCAAC ATCAGCTTGA CCAG 789 
Lys Glu Lys Gin Trp Ser Arg Asp Glu Leu 
220 225 

TATAAAATTA CAGTGGATTG CTCATCTCAG TCCTCAAAGC TTTTTGAAAA CCAACACCAT 
CACAGCTTGT TTTGGACTTT GTTACACTGT TATTTTCAGC ATGAAAATGT GTGTTTTTTT 
AGGGTTTCTG ATTCTTCAAA GAGGCACAGA GCCAAATTGG TAGAGGAAGG ATGCAAAGTA 
TAAATTTGTG TAATATTACT TTAACATGCC CATATTTTAC TTGGAAATAT TAAAAGAAAG 
GGTTCTGTAA AATGGAAAAC TTAGTTTGTG AATTGATTTT GAGGAGTGGT TTTTCTTTTC 
TTGGACACTT AATTCTGTTC TGATATTAAT TTATCAGATT GCTTTTGTGC ATTGGATAAC 
ACCACCATTC ACAAGTTAAG ATTCTTGGTA TTTGGATATC TGTTAGATGC TACTAAAAAA 
AAGGAATTC 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 324 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTI SENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

ATAAATAATG TCAGGAAGGA CGATCCAACA CTTCTGTCTT CAGGGAGAGT ACAGCTTGTT 
GTGGGGGATG GAAGAATGGG ATATGCTGAA GAAGCCCCTT ATGATGCCAT TCATGTGGGA 
GCTGCAGCCC CTGTTGTACC CCAGGCGCTA ATAGATCAGT TAAAGCCCGG AGGAAGATTG 
ATATTGCCTG TTGGTCCTGC AGGCGGAAAC CAAATGTTGG AGCAGTATGA CAAGCTACAA 
GATGGCAGCA TCAAAATGAG GCCTCTGATG GGGGTGATAT ACGTGCCTTT AACAGATAAA 
GAAAAGCAGT GGTCCAGGTG GAAG 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 
(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 



849 
909 
969 
1029 
1089 
1149 
1209 
1218 



60 
120 
180 
240 
300 
324 



(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 11: 
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TAATACGACT CACTATAGGG 

(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
TCTGGRATRT GYTCRATNCC CAT 

(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
CTCGAATTCT AYYTNAARCA RTAYGGNGT 

(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: 

(vi) ORIGINAL SOURCE: 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 



TCAAA GCTTT TRTCDATNAC YTGNAG 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acids 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



WO 96/12797 



-38- 



PCT/US95/1369J 



(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 

(A) NAME /KEY: Modified Base 

(B) LOCATION: 4. . .4 

(D) OTHER INFORMATION: L-isoaspartyl 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

Val Tyr Pro Xaa His Ala 
1 5 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acids 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE : NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 

(A) NAME /KEY : Modified Base 

(B) LOCATION: 5... 5 

(D) OTHER INFORMATION: L-isoaspartyl 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Lys Ala Ser Ala Xaa Leu Ala Lys Tyr 
1 5 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 4 amino acids 

(B) TYPE: amino acids 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 

(ix) FEATURE: " 



(A) NAME/ KEY : Modified Base 

(B) LOCATION: 3. . .3 

(D) OTHER INFORMATION: L-isoaspartyl 

(A) NAME/KEY: Modified Base 

(B) LOCATION: 4. . .4 

(D) OTHER INFORMATION: Phe-NH2 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 
Ala Ala Xaa Xaa 
1 

(2) INFORMATION FOR SEQ ID NO: IB: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 6 amino acids 

(B) TYPE: amino acids 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTI SENSE: NO 

(v) FRAGMENT TYPE: internal 
(Vi) ORIGINAL SOURCE: 

(ix) FEATURE: 

(A) NAME /KEY : Modified Base 

(B) LOCATION: 4 . . .4 

(D) OTHER INFORMATION: D-aspartyl 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: IB: 

Val Tyr Gly Xaa Pro Ala 
1 ' 5 

(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 9 amino acids 

(B) TYPE: amino acids 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(iii) HYPOTHETICAL: NO 

(iv) ANTISENSE: NO 

(v) FRAGMENT TYPE: internal 

(vi) ORIGINAL SOURCE: 
(ix) FEATURE: 

(A) NAME /KEY : Modified Base 

(B) LOCATION: 5... 5 

(D) OTHER INFORMATION: D-aspartyl 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19 

Lys Ala Ser Ala Xaa Leu Ala Lys Tyr 
1 5 
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WHAT WE CLAIMS IS: 



10 



15 



20 



25 



1 . An isolated recombinant human Liso asparty l/D - asparty Iprotein methyttransf erase obtained 
by expression of a polynucleotide having a sequence selected from the group consisting of SEQ ID N0:1 
and SEQ ID N0:2. 

2. An isolated recombinant human L-tsoaspartyl/D aspartyt protein methyltransferase having 
an amino acid sequence selected from the group consisting of SEQ N0:3 and SEQ ID NO:4. 

3. An isolated polynucleotide having the coding sequence of the sequence indicated as SEQ 
ID N0:5, said polynucleotide coding for a plant L-isoaspartyl protein methyltransferase. 

4. An isolated recombinant plant L-isoaspartyl protein methyltransferase obtained by 
expression of SEQ ID NQ:5. 

5. A purified plant L-isoaspartyl protein methyltransferase having the amino acid sequence 
SEQ ID NQ:7, obtained from wheat germ. 

6. A method of recombinant^ producing human Msoaspartyl/D-aspartyl protein 
methyltransferase, comprising: 

modifying a plasmid that contains the T7 promoter region and the full coding region of human L- 
isoaspartyl/D-aspartyl protein methyltransferase, using oligonucleotides, to provide multiple cloning sites, an 
efficient ribosome binding site, and a strong translation^ initiator region, said initiator region being designed 
to function in bacterial and/or eukaryotic expression system; 

transfectmg the constructed vector into a host that contains an inducible T7 polymerase gene; 

and 

inducing overexpression of the methyltransferase, whereby the methyltransferase is produced. 

7. The method of Claim 6, wherein the inducible T7 polymerase gene is induced by heat 
shock or inclusion of a chamicai and the inducing step comprises addition of IPT6. 

8. The method of Claim 7, wherein the said chamicai inducing the T7 polymerase gene is 
isopropyl £D-thiogalactopyranoside (IPT6) 

9. The method of recombinant^ producing human L-isoaspartyl/D-aspartyi protein 
methyltransferase according to Claim 6, wherein said full coding region is thet of isozyme II of human I- 
isoaspartyllD-aspartyl protein methyltransferase having the sequence indicated as SEQ ID NO:2. 

10. The method of recombinantly producing human L-isoaspartyl/O-aspartyl protein 
methyltransferase according to Claim 9, wherein said plasmid to be modified is obtained from a commercial 
cDNA^ibmrderrved-from-human^^^ 



region of a 1580 bp murine methyltransferase cDNA. 
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11. ThB method of recombinantly producing human L-isoaspartyl/D-aspartyl protein 
methyttransf erase according to Claim 10, wherein the piasmid to be modified is plasmid pDM2 having the 
sequence indicated as SEQ ID NO:9. 

12. The method of recombinantly producing human Lisoaspartyl/D-aspartyl protein 
5 methyltransferase according to Claim 6, wherein said modification is conducted by replacing the region 

between the T7-promoter site and the start codon of the enzyme, which is 107 bp from the Kpnl site to 
the Narl site, with a synthetic fragment containing rfcosome binding and initiator sites, said fragment having 
the sequence indicated as SEQ ID NQ:6. 

13. The method of recombinantly producing human L-isoaspartyl/Daspartyl protein 
1 0 methyltransferase according to Ctakn 6, wherein said host is L col strain BL2KDE3) or any other suitable 

strain. 

14. The method of recombinantly producing human L-isoaspartyUD-aspartyl protein 
methyltransferase according to Claim 6, wherein the concentration of said IPT6 is 0.03 mM to 8 mM. 

15. A method of purifying recombinantly produced human Usoaspartyl/D-aspartyl protein 
15 methyltransferase present in a lysed bacterial extract m which methyltransferase expression has occurred, 

comprising: 

adding a nucleotide precipitant to the extract to remove DNA present in the extract subsequent 
to removing the cellular debris therefrom; 

precipitating the methyltransferase with ammonium sulfate; 
20 removing the ammonium sulfate by dialysis; and 

purifying the methyltransferase from the dialysate by using a DEAE-cellulose anion-exchange 

chromatography column. 

16. The method of purifying recombinantly produced human L-isoaspartyl/D-aspartyl protein 
methyltransferase according to Claim 15, wherein said nucleotide precipitant is protamine sulfate or 

25 polyethyleneimme. 

17. The method of purifying recombinantly produced human L isoaspartyl/O ospartyl protein 
methyltransferase according to Claim 15, wherein the addition of said protamine sulfate is 0.1 volumes of 
a 4% solution thereof. 

18. The method of purifying recombinantly produced human L-isoaspartyUD-aspartyl protein 
30 methyltransferase according to Claim 15, wherein the saturation of said ammonium sulfate is 50% to 60%. 

ig; — fra^ rp^ 

methyltransferase according to Claim 15, wherein said column is fully equilibrated before the loading of the 
dialysate. 
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20. A method of purifying plant L-isoaspartyl protein methyltransferase from wheat, 
comprising: 

obtaining a crude cytosol of raw wheat; 
fractionating the crude cytosol by DEAE-cefluIose chromatography; 
5 adding ammonium sulfate to the pooled active fractions in the presence of a protein carrier; 

fractionating the resulting material by reverse ammonium sulfate gradient solubilization; and 
purifying the pooled active fractions by gel filtration chromatography, whereby the 
methyltransferase is purified as a monomeric 28,000 Da species. 

21. The method of purifying plant L-isoaspartyl protein methyltransferase according to Claim 
10 20, wherein said crude cytosol is obtained from wheat germ. 

21 The method of purifying plant L-isoaspartyl protein methyltransferase according to Claim 
20, wherein said fractionation by the DEAE-celiulose chromatography is conducted at pH 9.3. 

23. The method of purifying plant L-isoaspartyl protein methyltransferase according to Claim 
20, wherein said ammonium sulfate is added to 80% saturation. 
1 5 24. The method of purifying plant L-isoaspartyl protein methyltransferase according to Claim 

20, wherein said protein carrier is Celite 545. 

25. The method of purifying plant L-isoaspartyl protein methyltransferase according to Claim 
20, wherein said reverse ammonium sulfate gradient solubilization is conducted with a linear gradient 
decreasing from 80% to 0% saturation in ammonium sulfate. 

26. The method of purifying plant L-isoaspartyl protein methyltransferase according to Claim 
20, wherein said pooled active fractions after the fractionation by reverse ammonium sulfate gradient 
solubilization contains 26-31% saturated ammonium sulfate. 

27. The method of purifying plant L-isoaspartyl protein methyltransferase according to Claim 
20, wherein said gel filtration chromatography is Sephacryl S-200 gel filtration chromatography. 

28. The method of purifying plant L-isoaspartyl protein methyltransferase according to Claim 
20, further comprising, subsequent to the gel filtration chromatography, diaryzing the purified 
methyltransferase and introducing the diary zed methyltransferase to a Mono Q anion exchange column. 

29. An expression vector for human Lisoaspartyl/D-aspartyl protein methyltransferase 
constructed by modifying a piasmid that contains the full coding region of the human L-isoaspartyl/D- 
aspartyl protein methyltransferase, using oligonucleotides, to provide multiple cloning sites, an efficient 
ribwomrbimiing-site^and-a^tftmg-transte 



function in a bacterial and/or eukaryotic expression system. 



10 
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30. The expression vector according to Claim 29, wherein said full coding region is that of 
isozyme II of human L-tsoBspertyl/Oaspartyl protein methyhronsferese having the sequence indicated as SEQ 
ID N0:2. 

31. The expression vector according to Claim 30. wherein the plesmid to be modified is 

5 plasmid pDM2. 

31 The expression vector according to Claim 29, wherein seid modification is conducted by 
replacing the region between the T7promoter she and the start codon of the enzyme, which is 107 bp 
from the Kpnl site to the Narl site, with s synthetic figment containing ribosome binding end initiator 
sites, seid fregment hevinj the sequence indicated as SEQ ID N0:8. 

33. A method of treatmBM for a medical condition associated with en increese in I- 
isoaspartyl/D-Bspertyl residues of polypeptides in a tissue, comprising: 

administering to the tissue an amount of methyftransferese sufficient to convert said L- 
isoespartyl/O-aspertyl residues to L-aspartyl residues in the tissue. 

34. The method of treatment for e condition eccordhig to Claim 33, wherein said condition 
15 is crossDnking of matrix proteins and degradation of flexibility of tissues. 

35. The method of treetment for e condition eccording to Claim 33, wherein said condition 

is cataracts. 

36. The method of treetment for e condition according to Claim 33. wherein seid condition 

is degradation of corneal flexibility. 
20 37. The method of treatment for e condition eccording to Claim 33, wherein seid condition 

is formation of plaque in brain tissues. 

38. The method of treatment for a condition according to Claim 33, wherein said condition 

is degradation of cellular function in brain tissues. 

39. The method of treetment for a condition according to Claim 33, wherein said condition 

25 is degradation of flexibiBty in e vascular system. 

40. The method of treatment for a condition according to Claim 33, wherein seid condition 

is infertility related to eggs and/or sperm. 

41 . The method of treatment for a condition according to Claim 33. wherein seid condition 

is formation of fibrosis in tissues. 
30 42. The method of treetment for e condition according to Claims 33, wherein said 

methyltransferase is an isolated WmomanrhumarMso^^^^ 

43. The method of treetment for a condition according to C1amT33, Whersin-sa,d- 
methyltransferese is administered in conjunction with S-adBnosylmethionine. 
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44. The method of treatment for a condition according to Claim 33, wherein said 
methyltransf erase is a purified plant L-isoaspartyl protein methyltransferase. 

45. A method of diagnosis of 8 state where lisoaspartyl/Daspartyl residues are accumulated 
in a patient, comprising: 

5 obtaining a biological sample containing protein from said patient; and 

measuring the content of L-isoaspartyl/D-aspartyl residues accumulated in said protein, 
by using methyltransferase as a probe. 

46. A pharmaceutical preparation for treatment of a condition associated with an increase 
in L-isoaspartyl/D aspartyl residues of polypeptides in a tissue, comprising: 

1 0 human L-iso asparty l/D-aspartyl protein methyltransferase; and 

a pharmaceutically acceptable carrier. 

47. The pharmaceutical preparation for treatment of a condition according to Claim 46, 
wherein said preparation is a skin or hair cream. 

48. The pharmaceutical preparation for treatment of a condition according to Claim 46, 
15 wherein said preparation is eye drops. 

49. The pharmaceutical preparation for treatment of a condition according to Claim 46, 
wherein said preparation is an injectable solution. 

50. The pharmaceutical preparation for treatment of a condition according to Claim 46, 
wherein said preparation contains S-adenosyimethionine as a substrate of the enzyme. 

20 51. A method of treatment for plant protein degradation associated with an increase in L- 

isoaspartyl residues of polypeptides in a tissue, comprising: 

administering to the tissue an amount of plant Usoaspartyl protein methyltransferase sufficient 
to convert said L-isoaspartyl residues to L-aspartyl residues in the tissue. 

52. The method of treatment for plant protein degradation according to Claim 51, wherein 
25 said plant protein degradation is caused by desiccation, aging, and environmental stress. 

53. The method of treatment for plant protein degradation according to Claim 51, wherein 
said treatment is applied to seed tissues and/or seedling tissues. 

54. The method of treatment for plant protein degradation according to Claim 51, wherein 
said methyltransferase is administered in conjunction with S-adenosyimethionine. 

30 55. A method of recombinants producing plant L-isoaspartyl protein methyltransferase, 
wmprising^ _ 



modifying a piasmid that contains the T7 promoter region and the tuil coding region ofpfant L~ 
isoaspartyl protein methyltransferase, using oligonucleotides, to provide multiple cloning sites, an efficient 
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ribosome binding site r and a strong translations! initiator region, said initiator region being designed to 
function in bacterial and/or eukaryotic expression system; 

transfecting the constructed vector into a host that contains an inducible T7 polymerase gene; 

and 

5 inducing overexpression of the methyltransferase, whereby the methyltransferase is produced. 

56. A method of purifying recombinant^ produced plant L-isoaspartyl protein 
methyltransferase present in a iysed bacterial extract in which methyltransferase expression has occurred, 
comprising: 

adding a nucleotide precipitant to the extract to remove DNA present in the extract subsequent 
10 to removing the cellular debris therefrom; 

precipitating the methyltransferase with ammonium sulfate; 
removing the ammonium sulfate by dialysis; and 

purifying the methyltransferase from the dialysate by using a DEAE cellulose anion-exchange 
chromatography column. 

15 57. The method of Claim 56, wherein the nucleotide precipitant comprises protamine sulfate 

or polyethylenetmine. , 

58. A methyltransferase for use as a medicament in the treatment of a medical condition 
associated with an increase in L-isoaspartyl/O-aspartyl residues of polypeptides in a tissue. 

59. The methyltransferase of Claim 58, wherein, said condition is crosslinking of matrix 
20 proteins and degradation of flexibility of tissues. 

60. The methyltransferase of Claim 58, wherein said condition is cataracts, degradation of 
corneal flexibility, formation of plaque in brain tissues, degradation of cellular function in brain tissues, 
degradation of flexibility in a vascular system, infertifity related to eggs andlor sperm, or formation of 
fibrosis in tissues. 

25 61. The methyltransferase of Claim 5B, wherein said methyltransferase is an isolated 

recombinant human Usoaspartyl/D-aspartyl protein methyltransferase. 

62. The methyltransferase of Claim 58, in combination with S-adenosylmethionine. 

63. The methyltransferase of Claim 58, wherein said methyltransferase is a purified plant 
L-isoaspartyl protein methyltransferase. 

30 
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